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are high, and represent the potential for full utilization with
little or no erosion control (45).
Approximately 243 thousand hectares (600 thousand acres) of forest
land will be harvested annually to the year 2020. Logging roads and
skid trails will cover approximately 10 to 15 percent of these areas.
If no management controls are implemented, an estimated 136 thousand
metric tons (150 thousand tons) per year of sediment will be delivered
to the Great Lakes from these lands. Proper management and control
measures could reduce these sediment inputs to negligible levels (44)
(45).
Accelerated sediment production will occur on approximately 344
thousand hectares (850 thousand acres) of grazed forest lands annually
to the year 2020. These lands will contributeapproximately 54 thou—
sand metric tons (60 thousand tons) of sediment annually to the Great
Lakes (44) (45).
Forest land urbanization will occur at a rate of 8.3 thousand
hectares (20.5 thousand acres) each year to the year 2020 (44). If
these lands are intensively developed, the predicted annual sediment
delivery will be approximately 273 to 408 thousand metric tons (300
to 450 thousand tons) (45). If cluster developmentswere constructed
in forest lands, thus leaving 40 percent of these lands in a relatively
undisturbed condition, annual sediment yield would amount to 136 to
273 thousand metric tons (150 to 300 thousand tons). After construc—
tion, extensive areas of impervious surfaces and vegetation will re-
duce sediment contributions to far less than 136 thousand metric tons
(150 thousand tons).
Forest fires burn roughly 7.3 thousand hectares (18.0 thousand
acres) annually. Accelerated sediment production from these lands
account for less than 14 thousand metric tons (15 thousand tons)
annually.
Intensive tree culture, if implemented in the future, will prob-
ably be located on nearly level forest and abandoned agricultural
lands. This will be to facilitate mechanical silvicultural and har—
vesting operations. Accelerated erosion and sedimentation are expect-
ed to be minor problems.
1.2.2 Nutrients and Organic Matter
An attempt to quantify the nutrient release resulting from forest
activities such as harvesting, site preparation, burning or grazing
from forest lands in the Great Lakes Basin is extremely difficult at
this time. A literature review shows a wide range of nutrient re-










































































































































































































































































































































































































   
on a large scale.
Monitoring of pesticide residues in the past has been primarily
in the terrestial environment and surface waters. Recent research
has shown that sediment may be a principal carrier of pesticide


















recreation and pest management
have become significant since 1930.
Intensive tree culture may be—
come significant by the year 1990.










The effects of forest
activities on water quality in the Great Lakes Basin are poorly docu—
mented.
This study attempts to evaluate the present and future im-
pacts of forest activities on the water quality of the Great Lakes.
2.2 Scope of Study
Data were obtained from published papers, reports, texts,
symposium proceedings, abstracts and personal interviews.
Time
references were 1920 to the present for erosion and sediment data;
1934 to the present for insecticide data; 1950 to the present for
nutrient and herbicide data; and 1965 to the present for intensive
tree culture data.
The majority of the literature surveyed was
published after 1969 with the greatest number published in 1972.
Almost all the literature pertained to investigations outside the
Basin.
2.3 Study Procedure
In response to a request made by the Great Lakes Basin Commission,







quality of the Great Lakes.
The work group consisted of members from
Research, National Forest Administration and State & Private Forestry.
The
group was
coordinated by a representative
of State & Private
Forestry and followed guidelines given by the Great Lakes Basin Com—
mission. Sources of literature are:
l.
USDA, Forest Service Experiment Station Research
2. USDA, Agricultural Experiment Station Research, Michigan
State University












Water Resources Center, University of Illinois




























































































































































































































































































































Maximum Fiber Yield Research Project, Wisconsin
USDA—Forest Service, Northeastern Area, State & Private
Forestry, Pennsylvania
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Forest land grazing primarily occurs in the agricultural regions
of the Basin in small woodlots and forested stream corridors. These
forested areas usually occur where topography, soils or other character-
istics are unsuitable for agriculture. Over-grazing is common and
results in lower forage productivity and reduced forest values in terms
of fiber production, wildlife habitat and soil protection. Livestock
and forest production can be compatible, providing good grazing and
forest management practices are implemented.
Urbanization
Urbanization will account for the majority of forest land use
changes. Forests in and around metropolitan areas are highly desirable
for residential development. It is not uncommon to pay 1000 to 2000
dollars extra for wooded lots. Urban development often denudes the
land of vegetation, destroys the beneficial hydrologic characteristics
of the forest soil complex and replaces these areas with impervious, or
nearly impervious surfaces.
Recreation
Most if not all the forest lands in the Basin are increasingly
used for recreation. Forest activities related to recreation are
the construction, maintenance and/or protection of recreation sites,
forest roads and trails and an aesthetically pleasing environment.
Fish and Wildlife Management
 
Fisheries management includes the maintenance and enhancement of
streamside vegetation to maintain cooler stream temperatures and to act
as a buffer to reduce sediment delivered to the stream.
Activities relating to wildlife management primarily involves
vegetative manipulation for the production, maintenance and protection
of favorable and diverse wildlife habitat. This usually involves
clearing and/or burning of small areas within forest lands.
3.l.l.l Past History
Less than two centuries ago the Great Lakes Basin was domina—
ted by a vast primeval forest. The forest consisted primarily of pine,
northern hardwoods, and mixed central and northern hardwoods. As early
as the 1830's the cultivation of numerous oak savannah openings for
agriculture occurred in the southern portions of the Basin.
High quality pine forests in the northern portions of the Basin
attracted the beginning of a large lumber industry in 1825. The
-9-
 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sediment yield rates for various land use Classes in the Tobacco









Brush lands, non—forested bogs or swamps abandoned land and other idle
land.
Urbanization has the greatest hydrologic impact in a watershed and
is a major source of water pollution (80). The urbanization of forest
lands in the Basin will account for the majority of forest land use
conversions. Urban erosion and sediment are discussed in terms of es—
tablished areas and areas undergoing construction.
Researchers in the East and Midwest have reported tremendous
increases in sediment yields due to urban construction (76). Erosion
rates in construction areas may be 20,000 to 40,000 times that from
adjacent farm and forest lands (80). Within the Basin, sediment pro-
duction from urban construction activities in the Detroit metropolitan
area, covering 2.1 percent of the watershed was 154.0 metric tons/ha/yr
(69 tons/ac/yr) and nearly equal to the total yield from the remaining
97.9 percent of the area (77).
Once established, urbanized areas may produce more or less sheet
erosion and sediment than adjacent farm and forest land. Substantial
coverings of urban lawns and asphalt, concrete and other impervious
surfaces stabilize the soil beneath very efficiently (77). A compar—
ison of average sediment yield rates from metropolitan complexes in
the Basin under c nstruction and after establ shment are 33,600 and
45 metric tons/km /yr (96,000 and 129 tons mi /yr) respectively.
3.4.1.2 Undisturbed Forest Lands, Natural Background Contri—
bution
The total vegetative cover, and deep rooting systems of forest
lands provide maximum protection against surface runoff and erOSion.
Infiltration capacities of most forest floors exceed precipitation inten-
sities. Overland flows are largely absent even during flood producing
conditions. When overland flow does occur it is usually in small
localized sections. These flows rarely become channelized and are
usually absorbed by the litter downslope. Erosion from undisturbed for—
est lands occurs almost entirely within the stream channel (26)(77)(82).
-17-
   
Examples of forest sediment yield rates from undisturbed





















Others (l963)(76) Fernow, W.Va. mean turbidity 5 ppm
2.45 metric tons/kmz/yr
(7 tons/miz/yr)
2. Wolman and Schick Kentucky 5.25 metric tons/kmz/yr
(1967) (76) (15 tons/miZ/yr)
3. Anderson and New Jersey 3.5—14 metric tons/kmz/yr
McCall (1966) (77) forest and (10-40 tons/miZ/yr)
flatland
4. Dils (1957) Coweeta normal turbidity 2 ppm
(15)(98) N.Carolina storm events 11 ppm
extreme events 80 ppm
5. Lull and Hubbard Brook non—storm turbidity 1 ppm
Reinhart (1963) New Hampshire storm turbidity 11 ppm
(15)(98)
Undisturbed forest lands in the Great Lakes Basin have been
estimated to erode at a normal or geologic rate of 0.36 metric tons/
ha/yr (0.16 tons/ac/yr). The sediment yield rate from these lands to
forest streams is estimated at 0.015 metric tons/ha/yr (0.0067 tons/
ac/yr) (45)(26)(27)(128).
3.4.1.3 Forest Harvesting
The construction of logging roads and the movement of logs
and machinery over a harvest site churn up the surface soil exposing
areas of mineral soil. Soil infiltration rates on disturbed areas
can be so reduced that surface runoff and erosion result. Soil com-
paction resulted from both winter and summer mechanized logging oper-
ations in north central Minnesota (81). Soil infiltration rates were
reduced 70 to 100 percent on the heavy to medium disturbed areas. Re-
covery was minimal after one overwintering period (81).
Not all particles carried in overland flow reach forest
streams. The filtering action of the forest floor traps most of the
sediment. If soil infiltration rates remain high, the chances of_
accelerated sedimentation are minimal (26).
Packer stated the following:
-18-
"Some soil disturbance is only short—term temporary
baring (of surface soil). Frequently, the beneficial
effects of shallow disturbances, such as increased
impressional storage may offset any deleterious effects
caused by soil compaction, such as reduced pore space." (98)
The removal of trees per se does not result in accelerated
sheet erosion. This conclusion has been published from studies in New
Hampshire, North Carolina, West Virginia, and Colorado (26)(77)(98).
More and more evidence attributes increased erosion and sedi-
mentation to logging roads and skid trails during harvesting and for a
limited period thereafter. The severity of this impact depends on the
areal extent, location, drainage and maintenance of the logging roads
and skid trails (98).
Logging roads not only intercept surface flows, but also sub-
surface flows in shallow soils or steep topography. In the steep
western mountainous areas, water yields from roads were 7.3 times
greater than estimated road surface runoff based on rainfall inter-
ception (86). As much as 15 percent of the total precipitation can be
transmitted laterally downslope, within the top 12 inches of soil (98).
The most important factor affecting the impact of logging
roads is the total area they disturb. This depends on the degree of
planning, topography, type of logging and cutting system. The areal
extent of skid trails and roads by various harvesting systems in a West
Virginia study are as follows (26):
Cutting System All Roads Bulldozed Skid Trails
— — — —percent of area - - - —
Commercial clearcut 7.3 3.6
Diameter limit 6.2 2.5
Extensive selection 5.9 2.1
Intensive selection 1.9 0.8
In the H.J. Andrews Experimental Forest, Oregon, 62 percent
of a harvested area was disturbed by tractor logging. Of this 27 per—
cent was severely disturbed (98).
In a harvest operation of ponderosa pine in the Pacific North-
west it was determined that 15 percent of the soil surface suffered
deep disturbances from tractor logging. In a similar study, soil dis—
turbances were related to the number of trees cut and silvicultural
method used. Single tree selection produced 36% more disturbed area
than did group selection. This difference was attributed to longer
skidding distances (98).
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that the initiation of accelerated sediment production is slow and not
of great magnitude (77). Grazing, however, can be correlated with
forest humus reductions and soil compaction; two important character—
istics in accelerated erosion and sedimentation prevention. Decreased
ground cover and increased soil compaction, surface runoff, and erosion
due to woodland grazing has been reported (63)(77)(109).
Woodland grazing on the Coweeta Experimental Forest, North
Carolina, had very little effect on accelerated sedimentation until the
overland flows finally reached the stream during the ninth successive
year of grazing. During this period, soil infiltration rates and ground
cover were slowly reduced. Eventually surface flows normally absorbed
by the forest floor emptied into the adjacent streams. The maximum
sediment concentrations for one particular storm was 108 ppm as com~
pared to adjacent undisturbed forest lands at 38 ppm (77). Sediment
production in a grazed Wisconsin hardwood stand was determined to be
at a rate of 0.31 metric tons per hectare per year (0.14 tons/ac/yr)
(77). In northern Mississippi, the erosion rate from a small pastured
watershed averaged 3.6 metric tons/ha/yr (1.6 tons/ac/yr), eight times
the rate from a protected forested watershed (77). Finally in another
Wisconsin study, maximum sediment concentrations from grazed and un—
grazed watersheds were 55,900 and 100 ppm respectively (77).
3.4.1.5 Wildfires and Prescribed Burning
An occasional wildfire or prescribed burn in the Great Lakes
Basin will rarely initiateoverland flow or accelerated erosion.
Repeated burning, however, will remove the forest litter and humus and
eventually produce substantial volumes of surface runoff and sediment.
In North Carolina, woodland plots were burned semi—annually. Erosion
rates increased over time: first year 0.22 metric tons/ha (0.1 tons/ac),
second year 0.67 metric tons (0.3 tons), third year 2.33 metric tons
(1.04 tons), fifth year 8.74 metric tons (3.90 tons), and the sixth
through ninth years 11.20 metric tons (5.0 tons)(77).
Soil losses from burned and protected woodlands were cited
by Ralston and Hatchell as follows (103):
 





















































































































(2nd yr)Burned 0.11 (0.05)
Protected 0.47 (0.21)






































































































































































































































































































































































groundwater (20). A review of nitrogen and phosphorous losses from
forest lands in and around the Great Lakes Basin indicated very small
losses. Examples are as follows:
Streamflow Output of Nutrients
Investigator Location Nitrogen Phosphorous
 
- - Kg/ha/yr (lbs/ac/yr) — — -
Pierce 1973 (100) N.H. 1.8 (1.6) .02 (.02)
Frink 1971 (41) Conn. 3.4 (3.0) .24 (.21)
Frink 1971 (41) Md. 1.6 (1.4) .10 (.09)
Frink 1971 (41) Minn. 3.5 (3.1) .13 (.12)
Barton 1969 (7) N.E. Minn. 1.1-2.9 (1.0—2.6) .08-.19 (.07-.17)





Schindler 1972 (110) N.W. Ont. 3.0 (2.7) .10 (.90)
Crumrine 1973 (24) Mich. U.P. - — .10-.30 (.90-.27)
In a study conducted in Wisconsin, only 0.5 percent of the nit-
rogen and 0.3 percent of the phosphorous were contributed by forest
lands.
Unfortunately, the ground water component which contributed
42 percent of the nitrogen but only 2.3 percent of the phosphorous was
not broken down as to source (41).
Geology and soils are often cited as prime influences of water
quality (21).
However, phosphorous and nitrogen outputs can apparently
be accounted for by meteorological inputs (21)(73).
A review of the
meteorological inputs of nitrogen and phosphorous showed that 3.5 to
10.0 kg/ha/yr (3.1 to 8.9 lbs/ac/yr) total nitrogen and 0.1 to 1.0
kg/ha/yr (0.09 to 0.89 lbs/ac/yr) total phosphorous are realistic meteor-
ological inputs in the Great Lakes area (16).
Forest phosphorous and
nitrogen outputs appear to be in near equilibrium with inputs when re-
ductions of nitrogen through volatilization, dentrification, and vege-
tative uptake are identified.
Total phosphorous concentrations range
from less than 0.01 mg/l to greater than 0.10 mg/l and total nitrogen
concentration from less than 0.25 mg/l to values exceeding 5.00 mg/l
(EPA STORET System).
Lower concentrations are characteristic of oli-
gotrophic lakes and higher values of waters draining wetland areas
(133)(67).
3.4.2.2 Forest Harvesting
Forest harvesting may accelerate nutrient release to streams.
When trees are harvested, nutrient assimilation by vegetation is reduced,
soil temperature and water content are increased, and forest litter
-23-
 
























































































































































































































































































































































































































































































































































































































































































































































































to occur during or after normal forest harvesting (lOO)(12)(40). It
is generally concluded, however, that cutting has only a short term
effect on water quality and that the effect is highly variable. In
relation to clearcutting, selective cutting and strip-cutting should
have a reduced impact.
3.4.2.3 Site Preparation
After harvesting, most areas require additional preparation
for timber regeneration. This usually involves mechanical clearing
and scarification, burning, and the application of chemical herbi-
cides, individually or in combination. Mechanical methods include
roller chopping, rock raking, root raking, harrowing, cultivating,
furrowing, tilling, bulldozing, and chaining. Prescribed burns are
utilized to remove logging slash, reduce forest fuels and expose
mineral soil for adequate seedbeds. Herbicides are seldom used and
will be covered in section 3.4.4.
Activities associated with site preparation may have a
greater impact on water quality than tree harvesting (52). These
activities usually result in a considerable amount of soil disturbance
which will influence the rate of erosion. Nutrient losses associated
with erosion have been documented for various agricultural activities
(6)(ll)(58)(ll9)(124). In agricultural lands, soil erosion appears
to be the primary route for phosphorous loss and a significant source
of nitrogen input to lakes and streams. Unfortunately, similar data
on erosion—associated nutrient losses from forest activities do not
exist.
3.4.2.4 Intensive Tree Culture
Maximum fiber yield management would almost certainly require
clearcutting at harvest time. The previous data indicate that clear—
cutting has the potential for accelerating nutrient release. Unfor—
tunately, no studies have yet been completed on this problem in the
Basin nor the timber types of interest. Therefore, the effects and
degree of alternative management practices on nutrient release and
water enrichment is not known. One study, however, is underway (Richard—
son, personal communications).
Cutting methods used in intensive tree culture will probably
remove more nutrients from the site than will conventional methods.
Data on the total nutrient contents of different size trees of diff-
erent species together with Michigan aspen stocking information pro—
vides the following gross estimates of nutrient contents of good to
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 of the total applied to streamflow during the first two months follow-










































nitrogen and 67 kg/ha/yr (6O lbs/ac/yr) phosphorous (Dave Dawson,







































considerably heavier applications (121).
A summarization of work done on effects of forest fertiliza-






























































Fire, in the form of prescribed burning, is used for slash
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and are found in minor concentrations,




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Insecticides "disappear" from the target area in several ways.
Most of the research dealing with this "disappearance" has been con-
cerned with the residues left and their insecticidal effectiveness
rather than the transport of the chemical.
The two classes of insecticides, inorganic and organic, have
fundamental differences in their stability.
Inorganic insecticides
have very low solubility in water, and remain where applied (38).
The newer organic insecticides such as malathion, aldrin and
DDT, have varying degrees of stability in the environment (38).
Malathion, an organophosphorous insecticide which has replaced DDT,
is readily oxidized and hydrolyzed and thus is not persistent in the
environment (38). The oxidation products are not known to be toxic.
The persistence of aldrin, a chlorinated hydrocarbon, is
affected by soil moisture by displacing the aldrin from soil particles
(70).
Once this happens, the aldrin is volatilized into the atmos-
phere. Aldrin also converts to its epoxide, dieldrin, which is also
an insecticidal chemical (38). In the Illinois corn belt 15—30 per-
cent of the aldrin applied was converted to dieldrin, and a larger
percentage was probably lost to evaporation. One year after applica—
tion 10 to 15 percent of the aldrin and dieldrin residue remained (30).
DDT, a chlorinated hydrocarbon, is almost insoluble in water and
is not subject to hydrolysis.
Following a forest spraying project in
New Brunswick, DDT residues were found only in the surface few inches
of soil. DDT losses were detected but not by leaching (143). DDT is
so extremely hydrophobic that molecules in solution migrate to a water—
air surface where codistillation takes place. The DDT is evaporated
into the air along with water molecules at a much greater rate than
expected from its very low vapor pressure. Once the DDT is in the air,
the catalytic action of the sunlight promotes its destruction by
oxidation (38).
Organic matter, including the litter on the forest
floor, apparently binds or otherwise makes the DDT unavailable as an
insecticide (143). In support the results of another study indicated
no volatilization of DDT from the soil (54). Although insecticides
cannot disappear from the ecosystem short of complete degradation,
significant amounts can be transported by sheet erosion.
3.6 Natural Renovation Mechanism Available to Remove Pollutants and
Contaminants
Natural renovation is an inherent forest characteristic.
Sediment
and nutrient loss is primarily a result of vegetative removal and its
associated soil disturbances.
The establishment or re-establishment of
forest vegetation is a primary objective of forest management. Regen—
eration of forest cover provides soil protection, greater soil infil—
-31-
  






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































peatland materials and organic soils.
6.
To





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tive humidity requirements vary by pesticide.
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in state and federal lands.
Per capita income, total recreation day








































































Projected impact of recreation land by land
class, including estimates of average cur-
rent inputs of N, P and sediment.
Projected impact of recreational activities on
water quality in the Great Lakes and inland
lakes within the Great Lakes Basin.
Ratios by source of nitrogen and phosphorus
entering surface waters in Wisconsin.
Recreational attractions of individual
lake basins in the Great Lakes system.
Approximate distribution of recreation
lands according to the BOR system in separate
Great Lakes drainage basins.
Sources and amounts of nitrogen and phosphorus
entering lakes.
Estimates of total annual production of
pollutants and pollutant inputs into waters in
the Great Lakes Basin from a variety of
recreational activities.
Approximate composite emission factors for use
in small—scale outboard motor impact estimates.
Comparison of outboard national impact
estimates with EPA nationwide air pollutant
inventory data.
Comparison of snowmobile emission estimates
with EPA Nationwide air pollutant inventory
data.
Estimated national emissions impact of
snowmobiles.
Atmospheric emissions of ORRV engines as
percentages of total and mobile engine
emissions.
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all or most of one day.
 
   
expected to expand by factors of 1.10, 1.23 and 1.95 for the target years
1976, 1980
and 2020.
The development of new technologies may increase
these factors by creating more leisure time and associated socio—economic
benefits. New technologies may also create and popularize new types of
recreational activity with presently unknown positive or negative environ—
mental effects.
However, it appears that expansion of the minor pollution loads
contributed to the Great Lakes by known recreation land use and recrea—
tional events can and probably will be circumvented. In fact, because
of a variety of factors-—such as the recognition of the origin, nature
and extent of pollutant inputs, research and development efforts of
state and federal government institutions and of industry, expanded
use of educational programs, intelligent regulation of recreational
activities and land and water use——it appears likely that the present







1.2.1 Nature and Extent of Recreational Land
Broadly defined, recreational land accounts for approximately












over 97% of this land composes primitive or natural environment areas,
principally wilderness or forests with public access which have only







in the Basin is made up of high density recreational land or general
recreational areas, where concentrated use may lead to temporary, sea—
sonal or localized pollution problems.
In addition to the land area, approximately 10,360km2 (u,000 sq.
1 Figures in parentheses refer to documents cited in the references at





























































































skiing, snowmobiling, off—road vehicle use
and from marina construction
and dredging,
summer home and resort
developments
and road and trail
construction.
Plant nutrient inputs——especially nitrogen and phosphorus—-
arise from septic tank systems in summer homes, ski resorts, campgrounds,
etc., from fertilizer applications to golf greens, from leisure boat
sewage
and so on.
Heavy metal enrichment can be derived from outboard,
marine and snowmobile engines using leaded fuels; leadshot from duck
and goosehunting; mercurial fungicides applied to golf greens, etc.
Direct inputs of oil and toxic fumes (hydrocarbons, carbon monoxide,
nitrogen oxides) occur from marine engines
and indirect influx from
automobiles, snowmobiles
and other recreational vehicles.
Lastly,
biological pollutants (bacteria and virus) are derived from boat sewage,
septic tank effluent, groundwater from stables and swimming and bathing
activities.
Some of these pollutants are deposited directly in the lakes and
tributary rivers, e.g. marine engine fuel spills and exhaust and boat
sewage, others are carried in by surface waters or runoff, e.g.
fertilizer, soil and detritus, while others enter through the groundwater
aquifer, e.g. nitrates from septic tank effluent.
  
It is important to consider the pollution loads entering all the
waters in the Basin, not only the Great Lakes themselves, for two reasons.
Inland lakes and rivers serve as tributaries to the Great Lakes, so
that that there may be some carryover of pollutants, but more importantly,
any deterioration in recreational water quality in rivers and smaller
lakes in the Basin places a greater demand and stress on the Great
Lakes for recreational purposes.
1.2.3 Extent of Pollution
In actual fact, only in a few instances have any of the above pollu-
tants been clearly identified as having significant or lasting effect
on water quality. Moreover, in the few isolated cases where quantitative
measurements have been made, the studies have been carried out either on
relatively small, shallow lakes or ponds or in tiny experimental impound—
ments, sometimes with exaggerated inputs, so that magnified effects could
become observable in acceptable time-spans. In general, the results of
these investigations have revealed impacts of a magnitude such that
only smaller bodies of water under analogous circumstances are likely
to be adversely affected. The manifold dilution of the realistic
pollution loads entering the Great Lakes or even the majority of the
myriad of small recreational lakes in the Basin would render most
pollutants innocuous.
Although the magnitude of the pollution loads reaching natural
waters from recreational areas and recreational activities have seldom
or never been measured accurately, definite inputs from a variety of
sources have always been suspected. In fact, excessively high levels
of some pollutants emanating from recreational sources have been recog—
nized transiently in restricted localities. For example, when significant
amounts of boat sewage have been dumped under adverse conditions in
confined areas, bacterial counts in excess of safe levels for swimming
or waterskiing have beenmeasured. Consequently, justly or unjustly,
 
indictments or accusations have often been leveled at individual rec-
reational groups. Often these have been emotional charges from parties
adVerse to a particular form of recreation. However regardlessof these
issues, and of whether the magnitude of pollution loads be known or not,
recreational lands and recreational activities can and do have direct
and indirect effects on water quality. These range at present from
insignificantly low "background" levels associated with natural processes
in wilderness recreational areas to sizable inputs of N, P and sediment
from concentrated, highly developedrecreational areas which do not have
adequate sewage treatment facilities. Summary appraisals of the overall
importance of different types of recreational lands and recreational
activities on water quality for the Great Lakes and other minor lakes in
the Basin are given in Tables 1 and 2.
1.2.4 Control of Pollution
Fortunately, many of the phenomena associated with the potential
inputs mentioned above and identified in the tables can be easily con—
trolled or regulated so that even acute temporary problems in localized
areas can be avoided. From the legal standpoint, a variety of federal
and state laws, and local ordinances will help prevent abuses and ensure
that future developments comply with recognized progressive practices.
Pertinent legislation includes such measures as the requirement of
environmental impact statements for new developments, recreational
vehicle licensing, and compliance with land use zoning laws, water quality
standards, engine emission standards, boat sewage disposal regulations
and plumbing and health codes. ,ln addition, expanded implementation of
recent technological developments will produce further benefits. These
include improved septic systems, inboard marine sewage treatment systems,
marine engines with crankcase drainage recycling, unleaded fuels and
non-lead grapeshot for Wildfowl hunters. In a supportive role further
improvements are expected fromnew regulatory and educational programs




Projected impact of recreation land by land class, including estimates of average current inputs of N, P and sediment
        
Nature of Land/Area
Class*


































































































































































Greatly accelerated erosion possible at indiv1dual sites.
 
   






Class I and II lands are intensively developed for recreation and provide most of the opportunities for
recreational activities.
Between 30 and 70% of the total land surface of Class I is developed for
recreation, with an average development of 50%.
The development of Class II lands averages 15% with a













Minna lip-ct a! loci-«Haul Activlun an Mir Willey In the W! um Ind Int—d
TAIL: I
 
m.- vhhh tho mu Luka- lulu.
   
tumult- ".3. M lake: Inllnd kh-
ktlvhy Hum of Pollux-nu 5 I 3 91s 1950









plum ell-bans. co; evasion (rc-
Pond construction. dirt"
rundn. unsurfaced parking lot-

















door “In pinyin; Held:
or sport-
Slghunln‘ Accent-nod «onion In: 1-3(¢) 24(6) 340) uh) 1-3“) 14h) 5-!(5) 0-0)
parking loll. nur outlook,
footpaths. no.
um“.






lululng mm»! dcpc'ﬂtloﬂ on cal—(n1,
undies; Icurh. Vina: I. P
Ilcyelhg


















mm fr:- un-urtmd puny. Inn
apart. "qu
run“









“Mu-u ﬂu): [unitary Hutu.
“mun hmwax-nodding;
"ma-hank and Ills-shar— Ironic-u
alumina of Dom. nah-an;
mun-«u
lam um








eonumcdon Ind unnahlc Inn.
urn-mm“ mm-
M









canons. co; human nut- hm
cabana toilets; litter;
"9510!: {m- IIIVI “Kim on
Mar Inn“ and char-um-
lnﬂu









«and 01.0616“ in unsubh Iron.





















:uu , ore-(on tra- bvidh path). train
c-pu‘.









“.0? but cup-kn. ba- con-Imam





























































lam um. Accllcratnd Inc-(an a nu am- I“) 3(a) .0) “N 5"“) SJ“) l-Nb) 3-H!)
cpl-nu; In.“ It Ikl. rum-u
mun







00; Ice-Inna! arc-ton he.
uulu. dun-union a! vent-t1"
«run unu-
ou-rud Mun; cnﬂm “Mun; ICCCIOF 5(b) 5m 50) 50) .0) I“) 50) 5(5)
nerd-ﬂu Ina nmlan fre- Iot). eo-plcxluul
«Mun «auction of wound" cova-









‘ (I) Isl-5m (Alumna-n )
(2) Hod-nu (b) inlpccud )
(3) la! (1:) Known ) Ib- hntn. al- (ct-hun- unluc- fc you-ul- lul- In «ll-mud
(a) hunt“. (a) lawn-bu ) 1n the an.
)
(5)




lake-front developments, resort motels, ski lodges, summer homes, parking
lots, scenic walks, snowmobile trails, etc. Each of these topics is
discussed in detail in the appropriate context in this report. Overall,
the situation appears to be quite healthy and promises to improve. The
expected diminution in the "seriousness" of the impact of the various
recreational land classes and recreational activities on water quality
in the Great Lakes and the inland lakes of the Basin are reflected
qualitatively in Tables 1 and 2 for the target years 1976, 1980 and 2020.
1.2.5 Question of Need for New Studies
Several recent and currently ongoing studies of the recreational
vectors suspected to be most pernicious toward water quality, viz. power
boating and septic tank effluent from unsewered recreational homes, camp-
sites, etc., have revealed that these appear to be relatively non-pollu-
ting compared to either point sources or other diffuse sources associated
with other land uses (see Table 3). Consequently an extensive research
program on the impact of recreation on water quality seems unwarranted;
hOWever, a limited number of smaller, highly specialized studies to
eliminate gaps in present knowledge may be justified.
Some ongoing studies are expected to provide pertinent information
on and solutions to a few of the problems that now exist. Findings of
other earlier studies which have not yet been extensively applied form
the basis of some recommendations given below.
1.2.6 Nature of Potential New Studies
1.2.6.1 Research and Development
There are a few areas where collection ofbasic information or
data might be helpful to decide whether some unknown hazards exist. For
example, some further research on human health hazards associated with
transfer of bacteria and virus during swimming seems justified. Examin—
ation of carcinogenic compounds (polynuclear hydrocarbons, nitrosophenols,
 
Table 3. Ratios by source of nitrogen and phosphorus




Municipal treatment facilities 24.5 55.7
Private sewage 5.9 2.2
Industrial wastes 1.8 0.8
Rural sources
manured cropland 10.6 24.6
forests 0.5 0.3
pasture and woodlots 0.7 2.9
ground water 02.0 2.3
Urban runoff 5.5 10.0
Precipitation on surface water 8.5 1.2
Total 100.0 100.0
 
* Table does not include contributions from aquatic nitrogen














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sale for powerboating. High quality unleaded gasoline is available at
competitive prices and the compression ratios in typical outboard





































































































































































some lakes and streams.
Fourth, depending upon future market expansion special licensing


















Fifth, guidelines should be established for the construction of,
lakeside recreational developments. These should define safeguard that































































































































adequate pumpout and treatment facilities at small craft marinas. Since
national supervision of this activity only recently became the responsibility
of the Coast Guard, U.S. Department of Transportation, this aquncy has
concentrated primarily on controlling discharges from commercfil shipping
in large harbors.
All of the states in the Basin have laws prohibiting overboard
discharge of treated or untreated sewage fromvessels of any size but
current enforcement is unrealistic because of the lack of suitable
on—board retention/treatment sanitation devices for small craft and the
need for more onshore pumpout and treatment facilities. The number and
distribution of the small craft fleet and marinas precludes the possibility
of efficient supervision at present by the Coast Guard. State supervision
could provide for rapid abatement of immediate pollution loads in many
areas.
The no-discharge sewage law should be extended to cover sanitation
requirements for ice fishing "bob houses" and shacks.
1.3.3 Policy Changes
Bicycling is an activity which provides recreational enjoyment and



















urban and rural localities. The 1970 number of bicycling recreationists
(ca. 15,100,000 days/year) was projected to increase 20% by 1980 and






























































































































































































































































































































































































































































































































































































































































The use of land and water resources for rest, relaxation and
recuperation dates back almost as long as recorded history.
Like many
other pursuits, recreational use of land and water was at first prin—
cipally reserved for the privileged classes.
Extremes of this were
visible in the monarchical pleasure domes and hanging gardens of the
early eastern civilizations.
Enlightened Roman civilization transiently
extended the use of recreational facilities to a larger mass of its
citizens through the medium of the circus and the public baths.
The
retrogression that occurred in the age of feudalism continued even
through the Golden Age of the Renaissance, when enjoyment of the hunt
and the pleasure gardens of the European nobility remained the exclusive
right of royalty and peerdom.
The struggle for democracy that progressed through the early settle—
ment of North America and the American Revolution witnessed a parallel
democratization of land and water use.
The abundant virgin resources
of America's lands, forests and waters were available to one and all
who ventured to settle there, regardless of rank,
station or heritage.
The availabily of land and water for public use
hasbeen wisely main—
tained ever since the early formative years of the Nation.
The federal
parks system was initiated in l872, when Yellowstone became the first of
the 33 national parks in the U.S.
Since 1900, national forests, federal
reservoirs, national monuments and other federal developments have
provided for increasing amounts of outdoor recreational
opportunities.
Parallel development of state and county parks and
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(76% or 486,000,000 recreation
days)
arose in urban areas and it is unlikely that this proportion will diminish.
Consequently the 35% shortfall for all types of recreational opportunities
in 1970 is expected to increase to us% in 1980
and 72% in 2020.
The
shortfall for land—based water—oriented recreation is also expected to
reach 72% by 2020 (124).
Even in the past, the disparity between recreation supply and
demand has aroused concern for the need to keep recreational lands and
water at a quality level fit for extensive use.
Great efforts and
expense have been invested to ensure that the quality of recreational
waters is not impaired by influx of wastes from urban,
industrial or
commercial sources.
However, recently people have begun to realize that
intense land or water use by recreationers themselves might provoke
environmental impacts that would detract from water quality.
An attempt has been made to review existing knowledge on the
environmental consequences of recreation activities and to relate known
and expected recreation land and water use and recreational participation
to the types and amounts of pollutants likely to affect the water quality
of the Great Lakes and of minor lakes in the Great Lakes Basin.
2.2 Scope of Study
2.2.1 Sources of Data
During the course of this review, both primary and secondary
sources of data were consulted. Initial searches were made in bibliographies,
abstracts and computer literature records to identify specific sources of
information. Recourse was then taken to published scientific and
technical papers and reports, books and texts and symposium proceedings.
Furthermore, agencies and individuals were contacted directly to obtain
19
 
 information not readily found in the literature.
To obtain information on current studies and activities it was
necessary to consult indices and catalogs of ongoing research and con—
sult active researchers by correspondence, questionnaires or telephone
interviews. Details of the principal information sources examined are
given below in Section 2.2.3.
2.2.2 Time Frame
Although extensive investigations have been made on water quality
for recreational use and the manner by which water quality may be
impaired by point sources of pollution, few studies have been conducted
on the effects of recreational activities themselveson water quality.
Statistics of recreation participation and demands have been collected
since the 1930's and for some forms of activity, e.g. boating, even
earlier data are available. Information of past and present demands have
been collected by states (e.g. 35, 71), lake basins (62—66) and by
 
drainage basin regions (61, 124). Tabulations have generally been made
by counties. At the national level information is now collected in
computerized form by the 0.8. Department of Interior's Bureau of Outdoor
Recreation. However, it is only in the past 15 to 20 years that serious
consideration has been given to the possible adverse environmental effects
of recreation. Furthermore, only in the past 5 to 7 years have objective
studies aimed at acquiring reliable quantitative data been conducted.
3
Some types of recreational activity have only been initiated or popularized
i in this 5 to 7 year span and sound statistical data and environmental
I impact measurements for these activities are still lacking. To ensure
? thorough coverage of available information, bibliographic services were
consulted, abstract searches were conducted by means of computerized
systems and supplemented by manual searches of abstract journals as far
back as 1950. Beyond this date, no pertinent keywords relating to wastes
or by—products generated by recreational activities were found, except for
20
 references to specific indirectly—related topics such as septic tanks.
2.3 Study Procedure
2.3.1 Approach
The study was conducted using the personnel and resources of the
University of Wisconsin Water Resources Center and the University of
Wisconsin Libraries System. Computer searches were conducted through
the University of Wisconsin Water Resources Information Program which
had access to the Federal Water Resources Scientific Information
Center Abstracts and the Chemical Abstracts systems.
Abstract journals,
documents, scientific journals and books were acquired from the Water
Resources Center Reference Room, Memorial Library, Medical Library,
Steenbock Agricultural and Life Sciences Library, Engineering Library
of the University of Wisconsin-Madison and the City of Madison Public
Library.
Copies of pertinent materials were procured or purchased.
Locally unavailable materials were obtained through interlibrary
loans.
2.3.2 Interview with Research Personnel and Organizations
An intensive search was conducted to identify recent and ongoing
research pertinent to the subject area.
In addition to project
descriptions the names and addresses of the investigators were selected
from the CAIN, SIB, CRIS, NTIS and WRSIC computerized abstract services,
and the Water Resources (255) and Environmental Protection Research
Catalogs (256).
Over one hundred requests were sent to these scientists asking for
published and unpublished information relative to the review.
Unfortu-
nately, nearly 10% of the mailing addresses for the investigators were

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Service (1967 - present), Chemical Abstracts Service (1970 — present),
National Technical Information Service (ca. 1964 — present) and National
Agricultural Library CAIN System (1970 — present).
The following bibliographies were consulted: Bibliography of
Agriculture, Bibliography on Legal and Regulatory Aspects of Water
Pollution, Control and Abatement (U.S. Dept. of Commerce, NTIS),
IBM/360 Document Processing System, Water—Recreation Bibliography,
and numerous smaller bibliographies relative to individual subject
areas, such as snowmobiling, leadshot poisoning, recreational site
management, marinas, etc.
Important primary information sources in the form of books and
monographs, papers and reports in scientific and technical journals,
symposia proceedings, official reports and documents, etc. which were
identified as a result of these searches were examined and copied using
the extensive library system of the University of Wisconsin, Madison.
Some documents were purchased from the National Technical Information
Service. Some reprints and manuscripts were obtained from authors.
Articles of interest in popular recreational magazines were examined
in the City ofMadison Public Library or obtained as reprints from the
magazine publishers.
A listing of the journals, books and documents consultedis too
extensive to present here. The major sources of information have been
cited in the reference section at the end of this report.
2.3.” Assumptions Made
The overall impact of recreation and recreational land and water
use on the quality of the waters in the Great Lakes and the Great Lakes
Basin is assumed to be an extremely complex function of the total
recreational land and water area, the nature of the land (e.g. BOR land
classes), the nature of the waters (rivers, lakes, streams) and their
hydrological characteristics, the intensity of use andthe time and
 





























































































































































































































































































































































































































































































































































































































































 Basin are complicated by some other factors requiring additional minor
assumptions. For many activities, the only quantitative data available
has been derived from studies conducted outside the Basin. 'Direct
transferral of findings from such studies to recreation in the Basin is
not justifiable because of differences in climate, physical land features,
etc. Appropriate weightings must be assumed for such differences.
To derive approximate total inputs for some activities, the
product of the number of participants and the average contribution of
one individual must be used. Statistics for the number of participants
in the Basin are not always known, although frequently national estimates
are. It is therefore assumed that, to a first approximation, the
percentage of national activity in the Basin equals the percentage
of the national population residing in the Basin. The resultant
figure can then be modified to reflect the participation in the Basin,
versus the remainder of the country, owing to factors such as climate
or terrain resources.
Figures used for participation rates in the Basin are frequently
derived from the Great Lakes Basin Framework Study Appendix on Recreation
(124). These numbers are subject to the assumptions made in their
derivation. Some of these can affect estimates quite seriously. For
instance, it was assumed (124) that traffic flow patterns of recreationers
emanating from Standard Metropolitan Statistical Areas are uniformly
distributed. This causes an equalization in area use that does not
occur in reality.
Traffic flow patterns are strongly vectorial and result in uneven
loadings of recreational sites. Overloadings at certain localities can
result in severe site deterioration and local water quality impairment
although the effect appears negligible when averaged over the whole
Basin.
Thus, it is important in considering effects of recreation to
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 long-term (vacational) use. This situation is aggravated by the fact
that a major proportion of land suitable for outdoor activities close
to urban centers is in private ownership. Needs for expanded public
recreational lands to meet present and projected recreational demands
are well recognized and have been extensively documented (35, 59, 61,
62, 124).
The picture is similar in connection with recreational waters in
the Basin. Portions of the lakefronts on the Great Lakes and inland
lakes and on the banks of larger rivers are taken up byindustrial,
highway, railroad, or private housing developments, especially in
metropolitan areas. The amounts of land remaining for public beaches,
parks or boat launches are frequently inadequate in densely populated
regions.
The great Lakes have 110 small craft harbors, over 300 public
access points and over 2,200 private access sites. Of 2,245 Ha
(5,543 A) of beaches on the lakes, 41.4% (931 Ha = 2,298 A) are publicly
owned and 90% of these are open to public use; 5.1% are unusable. Of
the 1,314 Ha (3,245 A) of private beaches, 3.7% are open to the public;
76% of these charge admission for beach use. Privately owned beaches
also predominate on the 850,500 Ha (2,100,000 A) of inland lakes in
the Basin, although many are opened to the public for fees. Partial
listings of public facilities are included in recreation plans for the
various states in the Basin (e.g. 35) and for the various sub—basins
within the system (62—66). A comprehensive listing of public and
private facilities in all the Great Lakes is available in a national
guide to campgrounds and trailer parks (24). In urban areas, “public”
facilities are restricted in some townships to use by local residents


















on the Great Lakes are of dubious value because the water is too cold
for prolonged swimming or waterskiing, making it more important to
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 The U.S. EPA (8) now recommends that the fecal coliform group of
bacteria should be used as indicator organisms for potential contamination
of surface waters by human pathogens. The acceptable standards for
fecal coliforms were set at 2,000 per 100 ml of water as an average
with a maximum of 4,000 per lOO ml for partial body contact and at a log
mean of 200 per 100 ml for whole body contact, provided no more than 10%
of total samples during any 30—day period exceed uOO/lOOml. Testing of
at least 5 samples per 30—day portion of the recreation season by multiple—
tube fermentation or membrane filtration was prescribed. The EPA has also
set standards for clarity, temperature and pH (6.5-8.8) of waters. No
limits for viruses in recreational waters have been prescribed.
Effects of natural variations in bacterial ecosystems have not been
taken into account when the bacterial standards for recreational waters
have been set. Standards set solely on counts of coliforms or coliform
subgroups may have ignored important health problems unrelated to fecal
contamination of bathing waters (92,105,212).
The value of the coliform test as a health hazard indicator has
recently been challenged (58,92,113,149), principally because no proof
exists of any direct association of disease or epidemics with high
coliform counts. Some of the shortcomings of the coliform index relate
to bacteriological characteristics of the organisms. For instance,
coliforms multiply in nutrient—rich waters, but so far no evidence has
been found that pathogens do. Consequently, coliforms which survive
chlorination in sewage treatment may multiply to prechlorination levels,
producing specious indications of a potential health hazard. Coliforms
are difficult to differentiate from other enterobacteria using certain
media; the true count may be only 5—60% of the total bacteria measured
(lug).
The coliform standard may therefore be overcautious and result in
deprivation of swimming opportunities in some condemned waters which
are actually safe. Since illnesses contracted through swimming are
normally ear, nose and throat ailments or skin diseases, standards based




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In other treated lakes, the highest concentrations of Cu occurred
in the upper foot of lake bottom sediment (78,228). Since Cu is bound
to the sediments it is not easily leached (222). Resuspension of sediments
by bathing activities in treated areas is therefore unlikely to cause
problems. Nevertheless, other methods of swimmer's itch control, e.g.,
biological methods, should be sought to eliminate costly Cu treatments,
which might prove hazardous used on a continual basis.
Overall, swimming appears to have only insignificant impact on
water quality, perhaps with the exception of extensive use of domestic
water reservoirs for swimming. Because drinking water is constantly
disinfected and monitored before use, even this does not appear to be
a problem. More important is the effect that other sources of pollution
have on waters used for swimming.
3.u.3 Boating
Boating is one of the principal recreational activities in the Great
Lakes Basin. Powerboats are used for pleasure riding, water—skiing and
fishing. Surveys in Wisconsin in 1970 showed that boating accounts for
9.1% of total recreation occasions and water-skiing for 3.7% (39).
Projections for 1980 and 1990 suggest that these rates of participation
will continue at similar levels.
Prior to 1900, water ways were routes of commerce, and little thought
was given to the recreational boating potential of U.S. rivers and
lakes. With the development of the internal combustion engine, engine
and boat manufacturers collaborated to design and construct units for
recreational use. Since the early 1900's the number of boats used for
recreation has increased from an estimated 15,000 in 190” (120) to 9.5
million (5) in 1973 (cf. Fig. 4).
The growth in popularity of boating can be credited in part to
technical and economic factors: advancement in boat and motor design,
development of more powerful engines for high speed water travel and




















































Number of boats in Basin
Number of outboards in Basin*
*Total does not include the
estimated 80,000 inboard
motors in the Basin.
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 lubrication in such engines has a tendency to build up in the crankcase.
If this excess is not removed, it causes the engine to malfunction, and
can cause engine damage. Consequently, older outboards have valves to
permit the excess mix to drain into the exhaust passage and discharge
into the water (152). Estimates made of fuel losses from two—cycle
outboards range from 1 to 56% (1,23,103,l94,203) with averages of 10
to 20% (194). Modern crankcase design in new engines allows recycling of
this drainage into the combustion chamber (21,197,237). However, the
majority of boats still in use are powered by older engines but recycling
devices are available (36). Many of these need a 25:1 gasolinezoil mix,
versus 50:1 for modern engines.
Of the 3.8 billion liters (1 billion gal) of gasoline consumed
annually by outboard motors, it has been estimated that 380 to 600 million
liters (100—160 million gal) of fuel are wasted into receiving waters (197).
Calculations based on fuel taxes indicate that approximately 190 million
liters (50 million gal) or 5% of the annual consumption are used tooperate
outboard engines in Wisconsin alone (33). Thus, 19 to 38 million liters
(5-10 million gal) of unburned gasoline/oil mixture could be discharged
annually into Wisconsin's surface waters (33).
Studies on engine size (horsepower) and fuel—oil mixture proportions
have resulted in contrasting findings. Two studies (1,6) found the
most inefficent fuel use in smaller outboard motors, while a third (36)
found that higher horsepower Outboards wasted more fuel. Numerous
studies concluded that outboards run less efficiently at low engine speeds
(1,103,194).
Two—stroke outboards discharge a variety of compounds into receiving
waters. While the most notable is raw fuel, other compounds measured in
waters receiving outboard motor exhaust include nonvolatile oil, vol—
atile oil, lead and phenols; inputs of these materials in g/liter of
fuel consumed were 2—28 (0.017~0.23# lb/gal), 2—15 (0.017—0.125 lb/gal,




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Approximate composite emission factors
for use in small—scale outboard motor
impact estimates (Data from 131)
 
Exhaust Constituent
    
Emission Qualifi- Medium Hydro—













Water 10 18.8 4.8 98.7 0.03 0.01




























Total 211.87 413.95 1,022.37 0.936 0.808
g/motor hr 2 Atmos. 769. 2,280. 3,510. u.5 u.u
Water 457. 118. 2,400. 0.83 0.25















Water 22.9 5.88 120. 0.042 0.012
Total 61.3 120. 296. 0.270 0.230
List of qualifications:
1 Engine rated hp should be multiplied by applicable
load factor before using this unit.
2 Based on 24.6 rated hp per motor and average load
factor of 0.368
3 Based on 50 hr usage per year
Conversion factors: g/joule = 8.227 X 10—lo lb/hp—hr
g/liter fuel = 8.3655 x 10-3 lb/gal fuel
g/motor hr = 0.00221 1b/motor hr






































































 In a parallel study, Michigan lakes were loaded intermittently,
corresponding to seasonal boating patterns; analyses of water and sediment
have not yet been published, but are claimed to parallel the results for
the Florida lake (56).
An independent study of Houghton Lake, a large (8,118 Ha = 20,0uu A),
shallow (average depth = 2.59 meter = 8.5 feet) lake in Michigan, heavily
used for boating, revealed a fuel to lake water dilution ratio of
l:225,000 (205), a level roughly 50% below values that result in fish
tainting (97). No lead could be detected in the lake water (level <lO
Hg/g), and sediment samples collected close to marinas did not exhibit
elevated lead contents resulting from fuel spills. Lead levels in fish
were slightly elevated. The question whether the safe level of engine
emissions resulting from summer boating in this lake could be detri—
mentally supplemented by snowmobile and car traffic on the frozen lake
in winter could not be answered. Surface ice from high use areas contained
30—50 ppb lead and 2 ppm oil, but, neither traffic nor pollutant loads
could be effectively quantified (97).
Overall, boating engine emissions per se do not appear to be toxic
to fish and aquatic life at levels resulting from normal outboard engine
use (205).
The effects of outboard motor operations on water quality and pos-
sible biological effects of outboard motor pollution have been reviewed




































































































































































estimate of 1.3H million (102). No estimates are available for the
number of such boats in the Basin.
Fresh feces and other body wastes may contain pathogenic organisms
and viruses; these represent a potential health hazard. Sewage wastes in
general cause a serious degradation of waters used for swimming, fishing,
shell fishing, water—skiing, boating and other activities. Some of the
pathogens concerned can cause dysentery, shigellosis, typhoid or para—
typhoid fevers, gastroenteritis and infectious hepatitis. Aside from
public health concerns, the mere presence of fecal matter, toilet paper,
etc., in recreational waters is always esthetically objectionable.
In 1972, the EPA issued federal standards requiring holding tanks
on all Vessels, to go into effect 2 years after the U.S. Coast Guard
(USCG) issued rules and regulations for new boats, or 5 years for existing
boats. Older boats may install USCG approved macerator-chlorinater heads
-within the 3-year span and use these until they wear out, but at the
latest until 1980 (H). Proposed Coast Guard Standards were issued on
March 1, 1974 (43).
The majority of states, including all the Great Lakes States have
laws to regulate vessel discharges. These laws are generally directed
towards sewage discharges from recreation watercraft and largely supercede
the U.S.EPA requirements. However, the extent of enforcement of these
laws in the Basin States is at present variable. Two examples of local
regulations are of merit.
Chicago has an ordinance requiring watercraft using the Lake Michigan
harbor area to be equipped with holding tanks for onshore sewage disposal.
Wisconsin law prescribes that on—board sewage holding devices be sealed
as an aid in enforcing proper onshore pumpout practice.
Several bacteriological investigations of pollution due to recreational
watercraft have shown that watercraft wastes create problems for water
contact activities and for shellfish water conditions (102,144,148,153).
Furthermore, (225) boat wastes raised the mean fecal coliform count in a
fresh water body by 11% during the boating season (473/100 ml) over the
non-boating season level (H27/1OO ml). Both levels are above the EPA
50
 
 Counts in areas unaffected by boating were much
standards for swimming.
lower and decreased by 61% during the warmer boating season (23 versus
7/lOO ml). Physical, chemical and environmental factors and the complex
nature of enteric organisms account for the normal decrease in mean fecal
coliform count during the warmer boating season. Analogous trends were
found in sea water: areas near boat moorages exhibited a serious influ—
ence of small craft wastes on water quality by producing high bacterial
counts. Coliform counts in other marina areas also showed an increase
(88,181,260). However, one study (17) claims that marinas are not major
polluters. The explanation of these contrasting views may be found in
the fluctuations in the levels that occur depending upon seasonal boating
Peaks of activity on holidays were associated with significantly
Total
patterns.
higher total coliform and fecal coliform and streptococi counts.
coliform levels in excess of EPA standards result from this intensified
use, especially in marina areas (38).
A variety of watercraft waste pollution devices is discussed at
length in several documents (56,114,115,225,2uu). The question of
collection and disposal of houseboat wastes has also been examined
(75,76).
A possible problem of an insufficient number of on—shore pumpout
terminals is humorously exaggerated in the following poem:
The Plight of the Modern Mariner (243)
"Oh station tender, can you help?"
"Yes! Come in August—-late.
I’ve got two thousand boats to serve;
You 're nineteen forty-eight.
Ma swrmer, Nineteen Seventy.
Assisted by the bank,
an" ship complied with Michigan’s rules
And got a holding tank.
Vacation time came in July We took our chances and went on
We scraped and caulked the hull.
And loaded up our duffle—-but
The holding tank was full.
"0h deck boy can you pump us out?
Our tank is full, we fear. ”
"You're welcome to our rest rooms
But we cannot pwrrp you here.
We’re waiting for our pumps to come;
But for your consolation,
Just ten miles south, the State has built
A b1"qu new pumpingstation.
30 start your cruise without a qualm.
They ’re there to help you out. "
And off we went withminds at ease
A short delay, no doubt.
With stops at every pier.
We came to dread that fearsom cry;
I"
"you cannot pump out here.
Vacation’s end was drawing near.
Our hearts were growing faint.
0h Water! Water! everywhere
And not a drop to taint.
Now falling leaves pollute the bay,
And hot drinks fill the cup;
But joy is in our ship again.





































anticipated within the next
few years,

















































either by suitable barrier
construction or
by
enforcement of strict rules for boat operation (e.g. horsepower limits).
3.4.u Snowmobiling
Snowmobiling















in the recreational use
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 York had 1U4,000 snowmobiles registered in 1971 (276) and 201,000 in
Aug. 1973.
From these data it was estimated that about 1.5 million
machines are located in the Great Lakes States; the number of machines
in the Great Lakes Basin is placed at about 1.2 million.
The International Snowmobile Industry Association expects the
Great Lakes area to be the highest potential sales area in the United
States because of the climate and "high density, recreation—minded
population" (130).
Because of the rapid expansion of the sport, many conflicts of
recreational interest and abuses have arisen, e.g. conflicts with
other trail activities, downhill skiing, hunting and fishing (195).
Although no data are available to support the contention, ice fishermen
claim that snowmobiles running on frozen lakes disturb the fish.
Charges
have also been made that snowmobiles affect septic tank systems by
causing tiled fields to collapse, since ground frost goes deeper where
tracts have compressed the snow cover (130).
The careless use of snowmobiles is reported to result in devastation
to the landscape in some areas where snow conditions are less than adequate.
Three to five feet* of snow are said to be needed to cushion and protect
the land (lBO).
Snowmobiling is similar to powerboating as a recreational activity.
Snowmobiling tends to be a family activity:
over 80% of the respondents
of snowmobile owning families interviewed in Michigan stated that the
entire household participated in the sport (89).
As such, weekday
activity is mostly limited to adults
exceptduring Christmas and mid-
term school vacations.
While racing, hunting and rallies are important sidelights to this
activity, trail riding and sight—seeing are the primary vacation
motivators.
Trail riding attracts 46.7% of snowmobile users (89).
Estimates on the amount of snowmobile trails in the Basin are placed
at 16,094-17,703 km (10,000—11,000 miles) (12m.
Research findings indicate that snowmobiles have measurable
Misprint in original suspected——shou1d be inches.
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 effects on the environment, in some cases detrimental effects, but that
properly operated vehicles cause no serious harm to plants or animals.
The impact of snowmobiles on soils and vegetation is important because
damage to bare soil or vegetative cover can accelerate erosion and
cause sediment inputs into lake and streams.
In recent studies (104,206), typical forage crops and grasses in
four areas of Wisconsin were subjected to different amounts of snowmobile
traffic for two winters. Where snow cover exceeded three inches in
depth no detrimental effects were observed on grass or vegetation stands,
or on plant Vigor and yields. High-grade grasses recover naturally
from heavy snowmobile traffic. with light snow cover, some alfalfa
stands were damaged in areas of extensive use, the damage depending
upon snow depth and type. Discretion by operators can lessen injury.
Plant damage does not occur by soil compaction: soil bulk densities
for tested areas and control areas were identical. Instead, overground
factors such as cooler temperatures or smothering effects of compacted
snow or ice sheets were held responsible. Soil surface temperatures
under intensively used tracts (36u passes) were ~15°C (5°F) lower than
normal. Snowmobile traffic on bluegrass plots at two sites caused no
yield reductions, but did cause a slower recovery in early spring.
An industrial snowmobile testing area showed no serious compaction
under a good coverning of snow (168). Snowmobiles Were claimed to exert
less than 0.035 kg/cm2 (0.5 psi) pressure on the ground vs. 0.193 kg/cm2
(2.75 psi) for human feet. Compaction was said not to occur on a test
area that received year round testing, but no data were presented. In
contrast, 100—300 passes were found to cause yield losses of 6.7—29 metric
T/Ha (3-13 T/A) of forage crops (timothy, grass, clover, alfalfa),
despite near—record snowfalls (275).
In other studies (268,269) the physical structure of the soil was
significiently altered by snowmobile traffic. The new soil environment
may harm some plants and soil organisms, not affect others, and benefit
others. The impact varies with the severity of the winter, snow depth,













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Comparison of snowmobile emission estimates with EPA
Nationwide air pollutant inventorydata (135)
TABLE 10







































Conversion factor: 1 ton = 0.91 metric ton
TABLE 11






















*Calculated on the basis of fuel consumption-and sulfur




= 0.91 metric ton
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 winter, when the lakes are frozen, and no biological activity is occurring
which could destroy the pollutants. Such winter emissions could have a
more serious impact than higher summer loads.
3.4.5 Off—road Vehicles
An off-road recreation vehicle (ORRV) is defined by the 0.8. Dept.



























































ORRV use and concern for the possible impact of these vehicles on the
environment. The ORRV industry is one of the fastest growing in America;































































Development of the market for the more expensive all—terrain vehicles














































































































swamp buggies, ATVs, airboats, hovercraft and others. Snowmobiles are
treated separately in this report (see Section 3.4.4). The number of
ORRVs, excluding snowmobiles in the U.S. in 1972 is therefore placed
58
 around 3.5 million (1.5 million snowmobiles in 1972).
Approximately
15% of the national population resides in the Great Lakes Basin. Assuming
uniform distribution of ORRVs amoung the population the number in the
Basin would be placed at approximately 525,000. However, the greater
popularity of lightweight ORRVS in more arid parts of the country suggests
a more reasonable estimate of 300,000—M00,000 ORRVs in the Basin. These
figures represent 8.5 to 11.4% of the total ORRVs in the 0.8. ATVs are
more popular in the Basin than in other parts of the country because
of their use in hunting and fishing.
According to actual counts in Wisconsin, use of ORRVs constituted
approximately 0.3% of the total 1970 recreation occasions (39). Because
of the suspected negative environmental impact associated with the large
numbers of ORRVs now in use, President Nixon issued an executive order
in February, 1972, concerning their use on public lands. The objective
of this order was ". . . to establish policies and provide for procedures
that will ensure that the use of off—road vehicles on public lands will
be controlled and directed so as to protect the resources of those lands
and to minimize conflicts among the various users of those lands”
(llBuu). This order applies equally to all ORRVs, but vehicles other
than snowmobiles pose special problems because wheeled vehicles make
direct contact with the soil rather than a protective covering of snow.
A 1968 study (249) showed substantial damage to soil and vegetation
by motorcycles, dune buggies and four-wheel drive vehiCles (FWDVs).
Although the study area was the California Desert, the findings maybe
transferable to the Great Lakes Basin situation. Hillclimbing areas
under continual use for five years were more adversely affected than
any other sites, owing to steep slopes and heavier use (compared to cross
country trails). Soils in these areas were more compacted, often enough
to prevent seed germination, thus eliminating vegetation. Up to 90%
denudation took place in some areas.
A 1970 case study on the environmental impacts of two—wheeled and
four—wheeled ORRVs was also conducted in California (189). Cycle use
















































































































































































































































































































































































































































































































































































































































































































































waters from ORRVs used on land can occur through atmospheric fallout and
allied mechanisms.
ORRV engine exhaust contains hydrocarbons, CO, NOX, SO and parti~
X
culate matter. The total amount of all ORRV engine emissions is not
known. However, estimates of the atmospheric emissions for motorcycles
and for small engines used for recreation have been made (see Table 12);
these are insignificant compared to other engine sources.
The main hazard to water quality associated with ORRVs is therefore
accelerated soil erosion. This factor can be controlled through proper
trail construction and maintenance. Some sensationalism used in adver—
tizing ORRVs in magazines and television is often counterproductive
toward educating individuals to use these vehicles responsibly and with
proper concern for the environment.
3.4.6 Hunting
The popularity of hunting in the region is reflected by the fact
that the sport accounts for 24% of the non—summer activities in part of
the Great Lakes Basin (Wisconsin) (39). Throughout the Basin, land for
hunting is largely publicly owned. The annual recreation occasions for
hunting is expected to increase by 24—26% from 1970—1990 in Wisconsin
(35,39). No data was available for other states within the Basin.
However, U.S. duck stamp sales——an indication of the number of hunters—-was
down 15% in 1972 versus 1971 and 3% in 1971 versus 1970. Waterfowl
bagged has also decreased from 1970—1972 (67,68). Nevertheless, overall
hunting recreation occasions are expected to increase, but the facilities,
land available and Wildfowl populations necessary to satisfy the demand
are lessening. Urbanization, intensive agriculture, marsh drainage and
other land use practices have reduced the land available for hunting and
for game production.
Of specific concern are the inadvertant game losses
caused by the current use of leadshot in Wildfowl hunting.
Water pollution related to hunting can come from several sources.





Atmospheric emissions of ORRV engines as percentages




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































. Early 1900's biologists
19U8«Die—off
Problem known for over 100 years



































































































































under shooting preserve conditions












































































































































































































































































































































































































































































































































































































































































lower efficiency (162). Differences of opinion exist concerning the
extent to which iron shot might increase crippling losses; one estimate
predicts an increase of 3 million crippling—deaths (219). However,
skillful hunters would presumably soon learn to adapt to the shorter
effective range of steel shot and avoid shooting at ducks beyond the
lethal range.
A mixture of powdered lead and powdered iron has recently been
tested (150), which may eliminate the problems of range, toxicity, and
barrel wear. The composite pellets did not damage gun barrels and had
almost as long a range as lead shot (150). The pellets disintegrate on
hitting water or while lying in sediments, so that chances of ingestion
and deposition in Wildfowl gizzards is circumvented. However, these
pellets would still increase the lead content of lake sediments and may
be undesirable from this standpoint.
An indirect source of water pollution associated with hunting may
arise from duck farms used for raising ducks for hunting in private
areas. Measurements suggest that ducks and geese droppings can be a
significant source of water pollution by fecal wastes (llO,l57,202).
Depending upon species, a goose produces 60—175 g/day (O.lB—O.4 lb/day)
of manure with 2.2% N, 1% P205 and 2% K20 (day weight basis). Accumulations
of Wildfowl droppings at roosts on small inland lakes may materially
affect the trophic state of the water (l57). Ducks excrete 54—68 g (0.12—
0.15 lb) of dry solids per day (202). Duck droppings were estimated to
contribute lu.3 kg/Ha (12.8 lb/A) of N and l9.2 kg/Ha (l7.l lb/A) of
P to a lake in Illinois (202). The high N(28—39 mg/l,ppm), BOD5(60—
380 mg/l,ppm) suspended solids (80-i,800 mg/l,ppm) and coliform counts
(l—MB x 106/100 ml), in waters near duckfarms dictate that wastes from
these areas must be treated (110). Similar waste loads presumably also
occur at gamefarms for raising pheasants.
3.“.7 Vacation Homes and Resorts
For many people, vacation homes provide an ideal base for participation
in numerous forms of outdoor recreation, for others, their value lies simply
67
 in providing a retreat from everyday life. Nowadays more and more people
are buying or renting vacation homes, or visiting remote resort areas to
stay and relax for a few days or weeks in order to recover from the stress
of modern living.
The exact number of vacation homes in the Basin is unknown; only
estimates or incomplete counts for some parts of the Basin are avail—
able (see Table 15). There is also considerable disagreement among the
sources of these data. This may reflect whether cottages or cabins offered
for rent on a seasonal basis have been included in the counts. In any
case, the number of private one—family dwellings used as vacation homes is
extensively supplementedby large numbers of multi—unit complexes of
motels and lodges.
The possible impact of all these summer homes, cottages, cabins and
complexes on water quality cannot be overlooked. The main impact is likely
to come from their domestic sewage wastes. The great majority of vacation
residences are located far from municipal sewage collection systems, and
therefore have their own individual on—site disposal systems (239). These
are mainly septic tanks coupled with soil absorption beds for clarifying
and purifying the tank effluent (16,22). Occasionally holding tanks
are used which are pumped out periodically and the contents are dis—
posed of on approved land disposal sites or discharged into municipal
treatment plants. High operating costs discourage this option (239).
Cesspools are generally prohibited.
The number of private domestic sewage treatment and disposal systems
in the Basin must be large, but is unknown. Since only 83% of the 1970
Basin population of ca. 35 million or 76% of its effective recreational
population of 30.25 million lived in standared metropolitan statistical
areas (SMSAs) (i.e. large urban areas) as many as 6-7 million people in the
Basin may live in permanent residences in unsewered areas. Vacation
homes and resorts are presumably used mainly by people from SMSAs, so
that the number of unsewered dwellings increases substantially during
the recreational season.
The directness of the impact on water quality of septic systems
68
TABLE 15











83,637 [l970] Wisconsin and
Michigan only; Illinois and
Indiana not included (4%)
27,838 [1970] (44)
8,860 [l970] Michigan only;










21,000 [1970] (Ma, 120)
37,500 [1960] (120)
*Dates in brackets; references in parentheses
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associated with vacation homes or resorts is presumably greater than
that of systems attached to permanent dwellings because recreational
homes are normally close to lakes and streams. However, this effect
is counteracted by the fact that most homes are used only for a portion
of the year, usually the summer and fall, and that during this period
the biological processes in the soil and water which help purify septic
tank effluent are more active.
Normally a septic tank/soil seepage bed sewage disposal system does
an efficient job of removing the bulk of the BOD, COD, P, N and
bacterial loads present in domestic sewage. However, under some cir—
cumstances individual sewage treatment systems can become a major source
of pollution to both surface and ground waters (3H,127,204,271). Improper
design, construction, or location can lead to failure of the system or
inadequate purification of the septic tank effluent, resulting in pollution
problems. Disposal systems can fail in several ways (178). For example,
the site location may be unsuitable (42,51,192): the soil may be highly
impermeable to sewage effluent, or hard pans may developthrough destruction
of the soil structure by pending or puddling. Untreated effluent may then
ooze out andcontaminate surface waters. Again, the depth of the soil
to the bedrock, especially creviced bedrock, or to high water tables may
be insufficient to purify the liquid sewage. In such instances con-
tamination of the ground water occurs. Location of septic systems in
areas of seasonal flooding also created pollution problems following
inundation. In other instances, especially on lakeshores, the slope of
the land may be so steep that the liquid effuent surfaces, creating
local health and odor problems and contaminating the lake when washed
in with precipitation runoff. Even well designed septic systems built
on permeable soils can fail: the seepage beds no longer permit liquid
effluent infiltration at an adequate rate because an impermeable layer
is formed in the soil under anaerobic conditions. This phenomenon
is called clogging or crusting (85,86,177,l79). Clogging and crusting
may be due to accumulation of solids filtered from septic tank effluent
at the interface of gravel and soil in the seepage bed, and to microbial
 
proliferation in the upper few inches of the soil below the bed (175).
Both effects result in an accumulation of organic matter that plugs the
soil pores (155). The hydraulic effects of the crusts greatly affect
seepage and cause surfacing of unpurified effluent (22). At present,
the only remedy known for the clogging/crusting problem is to rest the
system and allow it to aerate (49,179). It has been suggested that,
as a preventive measure, on—site disposal systems should be provided








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 peat proves to be an acceptable efficient absorbing medium in latrines.
Phosphorus losses from peat—lined latrines were lower than native values
(210). To reduce erosion and sewage problems in wilderness camping areas,
campsites are placed at least 30.5 meters (100 ft) from the laka and
latrines even farther away (210).
Good management practices and adequate maintenance can also control
erosion at highly developed sites intended for intensive use. Seeding
of problem soil areas with suitable resistant plant species for ground
cover and planting of shrubbery or thorned bushes in "off—limits" areas
can mitigate adverse effects of human traffic. With adequate investment,
pollution loads from campsites can be reduced to insignificant levels.
3.4.9 Fishing
Next to swimming, fishing in the Great Lakes Basin is considered
the second most popular water—dependent activity (62,65), but the total
annual recreation day requirement has not been determined. Comparison
may be made to Wisconsin where fishing accounts for ll.5% of the total
summer activities (39). Details concerning sport fishing for each plan-
ning sub—area in each lake basin in the Great Lakes System have been
reported (62—66).
Great Lakes waters, inland lakes, rivers, ponds, trout streams and
warmwater creeks are all used for recreational fishing in the Basin. In
contrast to other outdoor activities, the needs of the fish rather than
of the recreationist dictate water quality requirements. However, some
phenomena associated with fishing can cause inputs of pollutants into
fishing waters.
Inputs can be of several different types. Powerboats used for fishing
can contribute fuel, exhaust and sewage wastes to surface waters. These
inputs have been discussed under powerboating (Section 3.u.3). Although
no measured data are available, some erosion of stream and river banks
and littering caused by fishermen occurs sporadically. A potential source
of water pollution is developing from the rapidly growing sport of ice—
fishing. The surge in popularity of this sport is evidenced by the large
77
 
 number of participants: as many as 30,000 per week on Lake Winnebago,
Wisconsin (13). Most of these fishermen drive onto the frozen lake by
snowmobile, car, truck or van. Over 2,500 vehicles have been counted
at a single time on Lake Houghton, Michigan (205). Exhaust emissions
from these vehicles condense on the ice, contaminating it with lead and
oil (205). Besides vehicles, many fishermen take along outhouses fur-
nished with chemical toilets or "thunder mugs"—-pots with disposable
plastic liners. Federal law prohibits disposal of boat sewage wastes
into navigable waters, but disposal of sewage wastes from ice fishing
shanties is not yet regulated. In addition, many of the fishermen use
liberal injections of anti-freeze (ethylene glycol) to prevent the holes
they havebored in the ice from freezing over. No figures are available
as to total amounts which may be added to the water.
Fish hatcheries are also considered to be potential sources of
pollution, although this is felt not to be a serious problem (71,9M).
Fish from hatcheries are used for put—and-take fisheries, restocking
and restoration of depleted fish populations. Feeding and cleaning of
the raceways (where the fish are grown) contribute minor pollution
loads. At several hatcheries studied, cleaning of the raceway contributed
a BOD load of 1.2—2.5 kg (2.7—5.4 lb) and a COD of 3.1—5.6 kg (6.8—12.3 lb)
(70). However, the total P, NH”, N03 and N02 levels measured were
only slightly higher than those of the incoming waters; these levels
were felt not to contribute to stream degradation (145,227). Periodic
flooding of a marsh for northern pike spawning slightly increased the
influx of P into a Michigan inland lake (9.5 x 10—6 kg/ma, 0.026 lb/
acre~foot net gain of P), but reduced the input of nitrogen (8.8 x 10—6
kg/ma, 0.024 lb/acre—foot retained by marsh); these effects were con-
sidered insignificant (199).
Improper design and construction of hatcheries can result in sludge
deposits in the stream (94). However, these problems could be dimin—
ished by use of settling basins (70).
78
There is often a high mortality (up to 65%) rate among game fish
once the stock has been released to open waters, owing to the sensitivity
of the fish to minor temperature differences and other physiological
factors. Fish carcasses can occasionally become a source of esthetic
pollution. Overstocking can also become a problem, aggravating mortality
rates because of lack of sufficient food. The latter problem often can
be solved easily by allowing a larger harvest to be taken from overstocked
waters, either by decreasing the legal size limit, or permitting normally
outlawed angling methods such as snagging or gaffing. Since fishing is a
well organized sport, requiring licensing, any pollution inputs associated
with the activity can probably be largely controlled by appropriate manage-
ment practices and regulations.
3.u.10 Golfing
Opportunities for golfing in the Great Lakes Basin are offered at
both public and private golf courses with a combined area of 27,u31 Ha
(67,730 A). Golfing accounts for approximately 2.5% of total summer
activities placing it in a low activity group. Annual requirements for
golfing in terms of recreation days are expected to increase more than
threefold from 13 million in 1970 to “7.6 million in 2020 (124). Since
courses currently available are being used to or beyond ideal capacity,
land requirements for golfing are likewise expected to increase corre—
sponding to demands (l24).
Potential water pollutants originate from golf courses because large



















for much of the fertilizer and pesticide loss. Practices should be






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The total annual recreation day requirement is expected to increase by a
factor of 2.7 from 8.3 million in 1970 to 22.2 million in 2020 (124)
(See Table 20).
The U.S. horse population has increased significantly in recent
years.
It was estimated that there were 3 million riding horses in the
U.S. in 1960 (82) and the same number in 1965 (259). Recently, the USDA
placed the horse population at 6.5 million, but riding clubs estimate
the number at 10.5 million, or one horse for every 20 people (82). This
suggests a figure of 1.5 million for the number of horses in the Basin.
Trail riding is the fastest—growing riding activity among the young:
u0% of riding—horse owners are under 20 years of age (82). The great
increase in the use of horses for recreational purposes may pose a
potential water quality problem. The heavy weight of horse and rider
may cause erosion of steep slopes or unstable soils, but values are unknown.
Horses also produce relatively large amounts of solid and liquid excreta.
Stable waste disposal methods or droppings on trails could affect water
quality (Table 18). Typically, solid and liquid waste produced by a horse
amounts to 6.6-7.3 metric T/y (7.3—8 T/yr) (55,259) or 19.9 kg (43.8 lb)
/day (55). The total waste derived from horses in the Basin is therefore
about 10.9 million metric T/yr (12 million T/yr). This amount of waste
should be included in plans for disposal of other domesticated animal
wastes in order to avoid deterioration of groundwater or surface waters
by seepage and runoff.
At present there is no uniformity amoung states concerning registration
of riding horses. Some members and officers of national horse organizations
would like to see compulsory registration as an aid to tracing origins of
outbreaks and preventing spread of disease, and as a means of tracing
Stolen animals . The number of riding horses being stolen and
sold for slaughter is increasing. Standard registration would also
provide statistics on the density and distribution of horses and assist
in pinpointing areas where measures for control of wastes may be needed.
The National organizations could be helpful in promulgating information





























































1 ton = 0.91 metric ton
  


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 regions of Alaska (141) suggests that discharge from hot showers and
flush toilets in the ski lodges could suffice to keep the temperature
high enough in suitable systems for biological decomposition to
continue unimpared even in extreme cold. Aeration systems have recently
been tested as a means of more efficient biological treatment of ski
area wastes (74).
Relationships have been determined for estimating the BOD5 strength
and solid contents of wastewaters from winter sports areas (73):
13005 (lb/day) = 0.17 (E) + 0.0135 (TV) + 0.173 (G)='~'
SS(1b/day) 0.059 (E) + 0.013 (TV) + 0.29 (G)
where (E) is total number of full—time employees, (TV) is total number
of visitors, (G) is number of overnight guests, (88) is suspended solids.
Peak flow rates of sewage discharge were 10 times the average daily flows.
Relationships for estimating water use at various lodges in winter
sports areas were alsodetermined (73). For day lodges:
Water use (gal/day) = 1.73 (E) (Fu) + A (TV)**
where Fu = the number of fixture units and A is a factor equal to 3.07
for lodges with 7—day—a-week operation and 1.08 for lodges with major
use on weekends only.
The total water use at overnight lodges was found to be:
Water use (gal/day) = 1.73 (E) (Pu) + B (G)**
where the factor B is 22 for dormitory—type lodges with kitchen and
bathroom facilities and 72 for dormitory-type lodges with attached
restaurant and lounge. A summary of correlation analysis for waste
production at skiing resorts is given in Table 19.
Great concern has arisen in some ski areas——such as Vermont-—with
the degradation of water quality in pristine mountain streams by waste—
waters from ski resorts. Because of the extremely high purity of some
of these streams, any introduction of treated wastewater effluent would
bring about a prohibited deterioration in water quality, and consequently
no discharge is permitted. Experimental methods of land disposal are
currently being attempted to avoid stream disposal. Alternatively,
wastes are being stored in holding facilities and uSed in warmer months
lb/day = 0.454 kg/day

















































































0.00098 0.00016 + 0.0007 0.0154 : 0.0116
 
" : These values based on a total of 109 full—time employees contributing to base uSe at the areas studied.
93 = 0.059 E + 0.00031 :_0.01265 (TV) + 0.292 i_0.21 (G)
COD = 0.24 E + 0.0168 :_0.0133 (TV) + 0.0844 + 0.23 (G)
BOD5 = 0.17 E + 0.0057 :_0.0078 (TV) + 0.041 + 0.132 (G) G = overnight guests
TKN = —o.ou73 E + 0.0062 i_0.0105 (TV) + 0.0697 :_0.190 (0)
TV 2 total visitors
TPOq = 0.00098 E + 0.0154 + 0.0116 (G) — 0.00016 :_0.0007 (TV)
E = total number of employees
 








































































































































































































































































































 3.5 Mobility of Pollutants in Soil—Water, Groundwater and Surface Water
Systems
Contaminants and pollutants produced on recreational land or created
by recreational activities can enter waterways by a variety of direct and
indirect routes. Most of these have been discussed or alluded to in
previous sections. As with the allied aspects of pollution load and
pollution hazard, the main mechanisms are often specifically related to
each particular land use or recreational practice.
Contamination of groundwater by leaching of nutrients, expecially
N03 and POl+ has aroused most concern (22,34,51,5u,90,95,98,127,158,l76,
177,188,20u,208,211,2M0,257). Such losses occur mainly from septic tank
effluent disposal fields associated with recreational homes or resorts
in non-sewered areas (cf. Section 3.4.7); from heavily fertilized, heavily
irrigated playing fields, golf courses and greens (of. Section 3.4.10);
from seepage of house manure piles (55); and from unsanitary dumping of
putrescible solid wastes in heavily used but remote recreational areas
(73,233,23u,27l).
Nutrient transport by runoff also can occur from all of the above
sources especially if the facilities are constructed on unsuitable sites
which are inadequately managed or maintained (100,161). Additional inputs
arise from periodic flooding of recreational lands——parks, campsites,etc.-
—1ocated in the floodplains of rivers draining into the Great Lakes.
From environmental and economic considerations, recreational use of flood-
plain lands generally represent the safest method of utilizing these
areas. Furthermore, management measures can be taken to minimize inputs




































170,198,206,25#,268,269), ski area development, heavy use of lakeside
campsites (210),bui1ding and parking lot construction in recreational
areas (214) and heavy traffic on riding and hiking trails (226). Direct





















   
223), sewage from boats (88,102,148,181,225), exhausts from vehicles or
snowmobiles driven on frozen lakes (205), body bacteria and secretions
from swimmers and waterskiers (129,15H,218), wildfowl droppings (100,
110,157), lead pellets from Wildfowl hunters (u1,17u,190,231,241,2u2),
copper from lake treatments to eliminate swimmer's itch or nuisance algae
(172,200), soil from shorebank erosion caused by waves from powerboats
(217), or littoral use by recreationists (167,171) and litter from almost
any activity.
More detailed aspects of these pollutant inputs have been
presented under the discussion of the pertinent activities in Section 3.u
above.
Some mobility of pollutants within lakes can occur even after they
have become lodged in the sediments (78).
This may result from natural
turnover processes (54,157) or currents (78,200 within the lake.
This
intralacustrine redistribution can be accelerated by recreational activities,
when bottom sediments are disturbed by bathing (of. 154), boating, or
marina dredging.
Unfortunately, the mechanisms by which recreational wastes reach
lake waters rarely offer means of controlling inputs.
Management measures
designed to control the source are usually more effective.
For instance,
one good method of averting nutrient losses by leaching from recreational
lakeshore properties is to perform soil tests to establish soil nutrient
requirements before fertilizers are added to lawns (95).
Because of the
proximity of such properties to the lakes, excess fertilizer rapidly
drains into the water (95).
Similarly, since seepage from septic systems
close to lakes can contribute up to ten times more nutrients than systems
farther away (of. Table 6), private sewage treatment systems should be
kept as far away from lakes as practically possible.
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3.6 Natural Renovation Mechanisms Available to Remove Pollutants
and Contaminants
3.6.1 Introduction
There are only a few natural mechanisms which serve to remove rec—
reation—derived pollutants or contaminants from affected waters. How—
ever, inputs of pollutants and contaminants to water from recreational
sources can be curtailed by a number of natural mechanisms, if management
or technological measures are implemented to allow the natural processes
to come into play.
3.6.2 Physical Mechanisms
Many physical measures can be adopted to prevent soil loss and
achieve sediment control. Stabilization of lakeshores, footpaths, trails
and roadways; contouring of recreational areas; and control of flow rates
in runoff channels and stormsewers are important management techniques
now beingapplied widely on recreational lands, public parks, campsites,
etc.
The adsorption processes of soil are exploited to remove organic
wastes, bacteria and nutrient elements from septic tank effluent emanating
from unsewered recreational homes, resort buildings and campground
facilities (cf. Section 3.”.7), and sewage effluent (240). Adsorption of
wastes on peat is practiced with latrines in wilderness campsite areas
(210).
Natural adsorption of toxic elements in the humic fractions of lake
sediments, plays an important role in immobilization (cf. 200). Cu, As,
Hg used in pesticides are immobilized in this way. Biological conversion
of adsorbed mercurials to methylmercury in anaerobic sediments unfortunately
offsets the benefits of this process. Other natural mechanisms, presumably
sterilization by sunlight, also appear to play a role in destroying micro—
organisms in water. This is an important function because of its relevance
to persistence and proliferation of pathogens in water. The pH and
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temperature of the water may also be important in determining the viability
of pathogens from warm—blooded animals (112). On the other hand, adsorption
of bacteria in sediments can extend survival of pathogens (112).
3.6.3 Chemical Mechanisms
Soluble phosphates in septic tank effluents can be trapped by per—
colating the effluents through soils containing lime or dolomitic limestone.
Both inorganic and organic phosphates are precipitated as insoluble calcium
salts.
Precipitation of soluble phosphate in recreational lake waters by
flocculation with aluminum sulfate can be used to reducethe available
P (26”).
3.6.4 Biological Mechanisms
Biological reactions provide the main mechanisms for destruction
or curtailment of recreation—derived pollutants. Some biological processes
proceed naturally in lake waters, some of them interface with physical
processes, especially in waste management procedures.
Heterotrophic organisms decompose a large proportion of organic
wastes that enter lake waters. However, even under natural conditions,
the rate of carbon input generally exceeds the rate of decomposition, so
that accumulations of sediment and undecomposed detritus on lake bottoms can
lead to shallowing of the water and transformation of the lake into
marshland over geological periods of time. Of concern here are the
accelerated inputs that occur as a result of recreational activites. As
Ibng as input is small, such as hydrocarbons from exhaust of normal boating
densities, natural biological action is apparently capable of dealing with
the load. However, it is not yet established whether similar wastes
deposited during the winter, e.g. from snowmobiles on frozen lakes, can
be efficiently decomposed, because biological activity is stopped by the
low temperatures (cf. Section 3.M.3). Heavier recreational waste loads,
e.g. of boat or raw sewage, cannot be adequately decomposed even during
  
periods of high biological activity.
Even under best seasonal conditions
dilution effects, anaerobic conditions on lake bottoms
and cold water
temperatures slow decomposition rates.
Treatment of wastes is therefore best conducted on land.
Provisions
for septic tank systems for recreational homes and complexes, and onshore
pumpout and treatment facilities for boat sewage allows biological waste
treatment systems to protect waters from accelerated eutrophication.
Denitrification by facultative anaerobic bacteria in lake sediments
or hypolimnetic waters can remove up to 11—15% of the annual nitrogen
inputs into lake waters (5H,158). Under ice cover, rates of denitri—
fication can be many times the rate of assimilatory nitrate reduction (54).
Higher plants also play a role in retarding water quality impair-
ment by recreation, when vegetative cover is used to forestall erosion
on ski slopes, campsites, or trails used for skiing, sledding, snow—
mobiling, riding, bicycling, etc. Recent investigations (83) indicate
that algae are capable of destroying undesirable bacterial species in
infected waters. This represents an indirect benefit of eutrophication.
3.6.5 Remedial Measures
Despite the best natural, managerial and technological efforts to
forestall lake eutrophication, gradual enrichment of lake waters with
nitrogen, phosphorus and carbon is occuring (125). The eutrophic
condition of many lakes makes portions of them unsuitable for recre—
ational use. Among other considerations, the recreational need that
these lakes could fulfill, reducing the pressure on other lakes has
prompted researchers to consider potential mechanisms for lake rehabili—
tation (91,125,136,137). The techniques employed\rely on curbing of
nutrient inputs coupled with methods of increasing nutrient outflow
or preventing nutrient recycling.' One of the most popular approaches,
because ofits immediate cosmetic effect, involves harvesting of
aquatic plants. Just as soil fertility is reduced by repeatedhar-



















be retarded by harvesting of algae and cutting and removal of rooted
macrophytes. The nitrogen and phosphorus contained in the plant tissues
represents removal of a fraction of these nutrients from the recycling
processes and nutrient pools in the lakes. The amounts of N and P in
the plant tissues are rather low, and unless inputs are controlled, the
efficacy of harvesting remains short—term.
Additional physical and chemical treatments have recently been
attempted on an experimental basis (91); including dredging of nutrient—
laden sediments, drawdown of lakes and flushing with low-nutrient
water, phosphorus precipitation with alum (26M), destratification (277),
and artificial aeration of lakes and rivers used to circulate and add
oxygen to the water (20,99,273,277).
While it is too early to assess the value of these procedures, it
appears that nutrient input limitation is the single most desirable
practice from the standpoint of long range management.
Some of the lake renewal mechanisms such as drawdown and flushing may
simply transfer problem nutrients from one lake to another. Others, such
as chemical treatments, leave nutrients in the lake, hopefully in a
less accessible form. If the Basin is considered as a whole, only
biological harvesting or dredging, coupled with land disposal, reverse
the process of nutrient inflow. Since plant harvesting.has the most

























3.7 Probable Changes in Land Use Activities in Time (1976,1980,2020)
Substantial changes in land and water use will be necessary if present
and future recreation needs for the Basin are to be met. Recreation day
requirements within the total Basin for the years 1970,1980,2000, and
2020 are given for various activities, ranked by popularity in Table 20.
A breakdown of the total recreational day requirements for the years 1970,
1976, 1980, and 2020 for the individual basins in the Great Lakes Basin
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TABLE 20
Total recreation day requirements by activity in the
Great Lakes Basin* (Data from 12“)
 
(In millions of days)
 
1970 1976 1980 2000 2020
Outdoor games/sports/golf 139.3 178.9 205.3 3u6.9 516.6
Driving for pleasure 99.3 115.9 126.1 169.2 223.7
Swimming 100.5 128.5 197.1 231 331.5
Walking for pleasure 75.5 86.3 93.5 132.5 185.9
Bicycling 50.7 67.9 72.7 98.7 13n.7
Sightseeing 99.6 5H.O 60.2 90.3 132.7
Picnicking 38.8 50.7 98.9 67.0 91.6
Power boating 21.9 28.2 32.u 51.1 77.2
Attending outdoor sports events 29.0 3H.3 37.9 53.u 7u.a
Fishing** 29.0 36.2 91.0 52.0 75.0
Snowmobiling** 27.0 3u.8 no.0 ' 50.5 72.0
Ice skating 9.3 12.5 1U.6 2H.0 37.2
Sledding and tobogganning 11.2 13.0 11+.2 22.8 35.7
Hunting** 8.0 11.3 13.5 21.0 3U.2
Camping 8.2 11.1 13.0 21.2 33.5
Horseback riding 8.3 9.6 10.5 15.2 22.2
Nature walks 9.“ 10.8 11.8 15.9 21.7
Water Skiing 3.9 5.7 6.9 12.5 20.7
Hiking 3.9 5.3 6.2 9.7 14.3
Attending outdoor artistic events 9.0 5.0 5.7 9.0 13.2
Canoeing 1.9 1.9 2.2 3.“ 5.2
Sailing 1.3 1.7 1.9 3.0 “.9
Snow skiing 2.3 2.36 2.” 3.1 3.9
Off-road recreation vehicles** 2.0 2.3 2.5 3.1 3.8
Rock climbing** 0.2 0.26 0.3 0.” 0.5
*Recreation day = one person participating in outdoor recreation for all or most of one
day.
**Recreation day requirements were estimated by P.I.
system is presented in Table 21.
The approximate needs in acres and
hectares for Class I (high density recreation) and Class II (general
outdoor recreation) lands and for recreational waters are given in
Table 22.
Land to satisfy the needs for exclusive recreational use will have
to come from other recreational land classes or from agricultural land.
It is reasonable to assume that land for recreational expansion will be
derived from agricultural land in areas close to metropolitan centers.
To make up these losses forest lands may be converted to fulfill the
expanding needs of agriculture.
To either supply Class I and Class II
needs, or to replace lost agricultural lands, some land may be taken
from the present Class III, IV and V recreational lands (natural
environment, outstanding natural and primitive areas).
The additional areas of recreational water needed will have to be
derived from the Great Lakes, inland lakes and rivers. The future
development of reservoirs is expected to add little to the supply of
recreational water resources. Moreover, although the bulk of the vast
surface of the Great Lakes is currently unused for recreation, this
cannot be considered as a latent resource available to supply the future
need.
The usefulness of the Great Lakes is restricted for most water—
based activities to sheltered bays or areas within about
304.8m (1000 ft)
of the shore.
The fulfillment of future needs will therefore have to
rely heavily on increased development of inland lakes or renovation of
inland lakes or river areas that have become unsuitable for use through
eutrophication or pollution.
3.8
Projected Seriousness of Future Pollution Problems Associated
with Recreation and Recreational Land and Water Use
In View of the inadequacies of and discrepancies in some of the
information available on many quantitative aspects of recreation partici—
pation, and on the magnitude of the impact that recreational activities
























































































*Recreation day = One person participating in outdoor recreation for all or most
of one day.
**These figures do not include the totals for the activities of fishing, snow-
mobiling, hunting, off-road recreation vehicles, or rock climbing.
***These figures include the totals for those activities not included in (124),




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The BOR also executes most of the responsibilities delegated by law
to the Secretary of the Interior under the Land and Water Conservation
Fund Act of 1965 and a number of the Secretary's functions under the
Federal Water Project Recreation Act (16 USC, §§ HGOL—lQ).
The Land and Water Conservation Fund Act of 1965 created a land and
water conservation fund to assist the states inter alia in development of
recreational areas and to assist in Federal acquisition and development
of recreational areas (16 USC, § HGOL—u).
The Federal Water Project Recreation Act of 1965 (16 USC, § HSOL—l2)
established uniform policies toward benefits and costs of recreation
and enhancement of fish and wildlife for most federal water resources
projects.
The Wild and Scenic Rivers Act of 1968 (16 USC, Supp. V, §§ 1271-1287)
instituted a national wild and scenic rivers systemto preserve selected
rivers of the nation in a free—flowing condition; to protect these rivers
and their immediate environments which possess outstanding scenic,
recreational, geologic, fish and wildlife, historic, cultural and other
similar values; to protect the water quality of these rivers; and to ful-
fill other vital national conservation purposes.
The law dictates that each component of the national wild and scenic
rivers systembe administered so as to protect and enhance the values
which justified its inclusion in the system. The Federal Power Commission
is prohibited from authorizing any construction or development which
would have an adverse effect upon the selected wild rivers.
The National Trails System Act of 1965 (16 USC, § 1283) established a
national system of recreation and scenic trails, primarily near urban
areas, to satisfy the increasing outdoor recreation needs of the expanding
population by promoting public access to, travel within and enjoyment
and appreciation of the recreation areas of the Nation. Both wild and
scenic rivers, and national scenic trails can be authorized and designated
only by anact of Congress.
National forests may be established for the purpose of "securing





law pertaining to recreation, the National Park Service Act created the
National Park Service in the USDI to preserve national parks, monuments
and reservations for the scenery and the natural and historic objects
and Wildlife (16 USC, § 1).
The Surplus Property Act of 1944 (50 USC app. § 1622, 1970) as
amended, allows disposal of Government surplus property and land to any
state or political subdivision to be used for a public park, public
recreation area or historical monument.
The Multiple Use-Sustained Yield Act of 1960 declared the policy
of Congress that the National Forests be utilized for outdoor recreation,
timber, watershed and wildlife and fish purposes under the jurisdiction
of the USDA Forest Service (16 USC, § 525). It also directs the Secretary
of Agriculture to cooperate with the states and their political sub—
divisions to develop and use water resources (16 USC, § 1001).
The National Wilderness Preservation System Act authorizes that
certain areas be designated by Congress as wilderness areas and remain
unimpaired for future use and enjoyment as wildernesses (16 USC, § 1131).
In the framework of the Farmers Home Administration Act it is also
the responsibility of the Secretary of Agriculture to develop land
conservation and land utilization programs to control soil erosion,
preserve natural resources, protect fish and wildlife and develop
and protect recreation facilities (7 USC, §§ 1010—1011).
The U.S. Army Chief of Engineers is authorized to construct, maintain
and operate public parks and recreational facilities at water resource
development projects under the control of the Department of the Army and
to delegate this authority to local interests (16 USC, § u60d).
The Water Resources Planning Act (42 USC, §§ 1962—1962d—3) directs
optimum development and conservation of the Nation's natural resources
through coordinated planning by federal, state, local and private bodies.
The Federal Water Pollution Control Act of 19u8, as amended, provides
for the development of a comprehensive water pollution control program
in which due regard be given to the improvements which will conserve
waters inter alia for recreational purposes (62 Stat. § 1155, as amended,
including P. L. 92-500).
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Definition of terms relating to most of these laws, and details
concerning the provision and apportionment of funds for their imple—
mentation, cost—sharing with states, disposal of public lands, delegation
of authorization for implementation and administrative responsibilities
to states or local interests and other allied matters have been recently
reviewed in an appendix to the GLBC Framework Study (123). Under terms
of Public Law 88—29 of 1963, the Department of the Interior was directed
to prepare and submit to Congress a Nationwide outdoor recreation plan.
The second draft of this document has recently been compiled and a
digest is available (59). The new report has been severely criticized
for failure to adequately project future needs (3).
3.9.1.2 Other Federal Regulations Affecting Recreation
In addition to direct federal legislation and control
of recreation, other federal institutional arrangements affect
recreation when the latter interfaces with such matters as water
quality, land use, etc. For instance, federal assistance can be pro—
vided for protection of recreational (and other publicly owned) beaches
from erosion (33 USC, § 426e). Under the terms of the Fish and Wildlife
Coordination Act (16 USC, § 661) the Secretary of the Interior may provide
assistance to state, federal, public and private agencies and organizations
to develop, protect and stock wildlife habitats and to restore and
protect sport and recreational fishing (16 USC,§ 777). Similarly the
Wetlands Loan Acts (16 USC,Sec,715k—3) authorized appropriations to
help protect wetlands and waterfowl habitats.
The Rivers and Harbors Appropriation Act of 1899 makes it unlawful
to discharge into navigable waters of the U.S. any refuse matter other
than that flowing from streets and sewers in a liquid state (33 USC, § 407).
The Water Pollution Control Act of 1948 and its amendments protect
water resources by setting up a national policy for the prevention,
control and abatement of water pollution (33 USC, § 466a). Primary
responsibility and rights of enforcement are delegated to the states
(33 USC, § 466b). The Water Quality Improvement Act of 1970 (8” Stat. 91)
specifically provides for regulation of pollution of navigable waters by
oil, or discharge of sewage from vessels and authorizes federal—state
 
















































cooperation for elimination or control of water pollution within Great
Lakes watersheds. Effective federal standards for marina sanitation
devices are to be developed and enforced (221). The EPA, as administrator
of the Act, is authorized to provide shared funding for sewage and waste
treatment installations and for demonstrations of new or improved waste
treatment facilities or procedures. These aspects of the law affect such
recreational parameters as unsewered homes, campgrounds or resorts and
marine pleasure craft engine emissions and waste discharges. Tentative
standards for marine sanitary devices have recently been issued (43).
The USDA Soil Conservation Service has broad authorization to study
and to implement measures to prevent soil erosion from damaging natural



















lands, wilderness areas, and recreational lands, or by recreational
activity on public, state or private lands.
The EPA now also establishes water quality criteria for aesthetic
and recreational purposes encompassing pH, turbidity, color, taste, odor,
floating debris, scum, etc. Fecal coliform bacteria are to be used as
indicator organisms for possible contamination of surface waters by
human pathogens. Some of these factors are affected by recreational
water use, e.g., bathing, swimming, boating. At present, there are no
standards for regulation of viruses for recreational waters (8).
Rules and regulations have been set up for submitting environmental
impact statements concerning proposals for legislation and other major
federal actions significantly affecting the quality of the human environ—
ment (109).
The Bureau of Outdoor Recreation Rules on Environmental Impact
Statements requires mandatory preparation of statements whenever recreation
and related resource studies may be used for individual grants—in—aid
under the Land and Water Conservation Fund concerning matters which have
significant environmental effects or when such studies are known to be
likely causes of controversy (109).

















































































































































































































































































































































arrangements, and federal and state mechanisms of coordination for the
Great Lakes.
All of the Great Lakes States have some kind of program for scenic
preservation. In many instances the program is conducted in cooperation
with the Federal Government. Illinois, Michigan, Minnesota, Ohio and
Wisconsin have passed specific river or area preservation statutes.
Indiana, Michigan, New York, Ohio, Pennsylvania and Wisconsin have
programs for historic site preservation.
All states have ongoing programs for providing public access sites
to inland and Great Lakes waters. Indiana, Michigan, Ohio and Pennsylvania
have legislative power to zone water surface areas for specific recreational
use.
Shoreland management of the Great Lakes in most states is defined by
rules or statutes distinguishing public and private rights. Permits
are normally requiredbefore private owners can engage in any construction,
dredging, fill—in or similar operations which would alter the shoreline
of the lake. Most states unfortunately do not have zoning laws to reduce
or prevent shoreline erosion from construction or development. Most
states delegate this authority to the local level.
All Great Lakes States have specific or inferred authority to protect
against sediment and erosion damages; however, moststates do not engage
in streambank stabilization other than on state land or under general
flood control practices. Michigan, Ohio, Pennsylvania and Wisconsin have
standards for sediment pollution in their water quality standards.
Pollution control in the Great Lakes States is the responsibility of
boards or commissions except in Pennsylvania where such responsibilities
are handled by an executive department. State agencies have ultimate
responsibility for controlling pollution in all waters of the state.
Illinois, Indiana, Michigan, Minnesota and Ohio have established
water quality standards for both effluent and receiving waters.
New York, Pennsylvania and Wisconsin have standards for streams
(receiving waters) only.
To ascertain whether an activity is polluting state waters,
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three procedures are employed among the various states.











Although not specified by law, the controlling boards of Michigan and
Pennsylvania do conduct public hearings.
In Wisconsin, hearings are
held on a voluntary basis.
An anti—degradation clause is included in the
standards of Illinois, Indiana, Michigan, New York
and Ohio to protect
waters of higher quality than the established standards.
Water quality
must be raised to meet the standards in all of the Great Lakes States.
Ohio and Illinois have provisions for exceptions.
The statutes of Illinois, Michigan, New York, Pennsylvania and Wis—
consin make express provisions as to whom can invoke agency action from
outside the agency.
In all states (with the possible exception of
Minnesota) the pollution control agency's staff monitors water quality
and conducts investigations for agency action.
All Great Lakes States have explicit authority to enter and inspect
the premises of suspected polluters. The states vary as to procedures
for coping with identified or suspected polluters. The procedure usually
involves an initial agency order for abatement, which can either be
complied with or appealed through a hearing or the courts.
All states except Minnesota provide for fines for violations of
pollution control laws. Illinois, Indiana, New York, Ohio and Pennsyl—
vania laws also allow for imprisonment of convicted violators. Illinois
and Michigan also allow the state to collect compensation for losses of
fish and wildlife.
Illinois, Indiana, Michigan, Minnesota, Pennsylvania, New York
and Wisconsin are expressly authorized to act against potential pollution.
All states have indirect sanction methods through mechanisms such as
permit issuance.
The Water Quality Act of 1965 set the deadline of June 30, 1967,
for states to adopt water quality standards and a plan for implementing
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Proposed federal regulations for on—board waste
treatment devices have only recently been issued (43). The trend of
both federal and state regulation is toward "total retention" by either
holding tanks or on—board incincerators. By 1980 or sooner (depending on
final specifications by the Coast Guard) all boats will probably have to
be equipped with one of the two devices (cf. u,37). Specifications for
septic tank installations for non—sewered dwellings are issued by the
Boards of Health of the various states and published in the State
Administrative Codes. There is great divergence among the codes for the
various states. However, the specifications are continually being updated
and improved in accordance with availability of'better units and design.
Unfortunately, many systems have been in operation for decades which
were constructed and installed under less stringent older guidelines.
Off—road vehicles continue to increase in number yearly. In Feb.,
1972, the Upper Great Lakes Regional Commission initiated model legis—
lation and related studies to help control the increasing use of trail
bikes, fourwheel drive vehicles, snowmobiles and other ORRVs. A
complete model legislative program is now available from the Commission
(2H5). It covers registration, insurance, highway operation, violations,
required equipment, local ordinances and general enforcement provisions,
duties in event of accidents and reports of same, education and training
programs, special events and suspension and revocation procedures.
Specific maximum noise levels on a decibel scale.have been set for
motor vehicles in California and New York. No specifications have been
set forth in the Upper Great Lakes Regional Commission Model Legislation
(2&5), or by most states.
Several public agencies have taken steps to avoid damage to vegetation
and terrain by off—road vehicles. The USDA Forest Service designed snow—
mobile trails in eastern Great Lakes States to avoid areas of wildlife
use and damage to soil and vegetation. The Bureau of Land Management
has been concerned, but lacks regulations and funding for enforcement.
Minnesota, Michigan and New York prohibit snowmobile operation in areas
where such damage may occur. It has been recommended that the size and






















































































































































































































































































































adopted by the recreational products industry to identify sources of
pollution and to prescribe methods for abatement. The report also
requested manufacturers of outdoor recreational equipment to continue
efforts to minimize environmental effects of their products, and to
develop codes of environmental ethics for recreation participants.
The subcouncil also suggested an experimental program of limiting access
to some public recreational areas to individuals passing specific tests
on sound environmental practices (196).
There is also a need for a uniform traffic code for boats. This
would have impacts both on boater safety and on environmental questions.
For example, speed restrictions within a certain distance from shore
would prevent wave erosion of banks and reduce interference of speedboat
users and water skiers with swimmers and fishers. Time restrictions for
certain uses would alleviate overuse of some lakes. For example water
skiing could be restricted to a few daylight hours around noon. This
would not interfere with prime fishing time and equalize the use between
water skiers and anglers.
Specific regulations covering disposal of wastes should be drawn
up forthe growing recreation of ice fishing.
Lastly, a uniform policy should be set up concerning use of flood—
plain areas, encouraging their use as recreational areas, since this
probably represents their least environmentally hazardous use. Sociologi—
cally, this should also be the most attractive use, since problems
associated with flooding of dwelling basements, industrial complexes and
the like are avoided.
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Section H
SUMMARY OF RELEVANT ONGOING RESEARCH,
DEMONSTRATION AND MONITORING PROGRAMS
4.1 Preamble
The research, demonstration
and monitoring programs currently under—
way which may provide basic information relative to the effects of recre—
ational areas and activities on water quality are diversified. Ongoing
projects have therefore been grouped into arbitrary categories depending
on whether the studies relate to l) the general impact of recreation on
water quality, 2) the general impact of recreation on environmental qual-
ity, 3) specific impacts on water quality, or 4) specific recreational
activities.
For each study, the title, name and address of the principal
investigator(s), the source of the funding, if known, and, where
appropriate, the BOR recreational land class primarily concerned are
indicated. This information is followed by a short statement outlining
the nature and aims of the study and the type of pertinent information
that may be forthcoming, if these are known.
H.l.l Studies Concerning the Impact of Recreation on Water Quality
a) Impact of Water Based D. J. Allee BOR Land
Recreation Cornell University Class II
SUNY College of Agriculture
School of Agriculture
Ithaca, N.Y. lu850
The study is seeking to relate the capacity of water and its associated
land resources to provide recreational services (with the growing demand for
those services) in the context of comprehensive water resources planning.
The objective of the study is to develop and test theoretically sound
operational planning procedures whileadding to knowledge of water—based
I





b) Recreation Impact on Specific A. A. Beetle BOR Land
Wyoming Drainages University of Wyoming Class V
Agricultural Exp. Station
Laramie, Wyo 82071
The impact of recreation on the watershed is being evaluated in terms
of vegetation responses and water quality potentials for recreation, and
ways are being sought to integrate recreation with other land uses, in
order to preserve wilderness values.
c) The Origin, Effects and Control 8. M. Bemben BOR Land
of Turbidity in an Urban Recre- University of Massachusetts Class I
ational Lake School of Engineering
Amherst, Mass. 01002
The physical, chemical and biological actions which create turbidity
in an urban lake are being studied by means of field and laboratory investi—
gations.
d) Small Scale Liquid Waste W. C. Boyle, BOR Land
Disposal J. Bouma et al. Classes
University of Wisconsin I and II
Colleges of Engineering,
Agri. and Life Sciences
Madison, WI 53706
(E.P.A. funding)
Studies are being conducted of the operation and causes of failure of
septic systems. Measurements of losses of N, P, bacteria and viruses, and
evaluations of alternative treatment methods are being made. Methods of
preventing or remedying seepage bed failures are being sought.
e) Hydrologic Study of G. Allan Brown BOR Land
Prince William Forest Park USDI Geological Survey Class III
Water Resources Division
200 W. Grace St.
Richmond, Va 23220
The water quality in streams is being examined. The streams are
polluted primarily by domestic sewage before they enter the park.
f) Upper Great Lakes Region Rollin Cooper BOR Land




The overall aim of this study is to construct a computer model of the
area in order to derive theaccessibility of recreational areas in the
Upper Great Lakes Region.
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Traffic flow patterns are being examined on a countyvby—county basis
for a nine-state area. This information will assist in making more accurate
predictions of recreational distribution and needs.
g) Nutrient Runoff from Golf Richard Duble BOR Land
Courses Texas A 8 M University Class I
College of Agriculture
College Station, Tex 778H3
Leaching and runoff losses of plant nutrients from golf course fertilizer
applications are being measured.
h) A Eutrophication Model of the R. A. Gearheart BOR Land
White River Basin above Beaver University of Arkansas Class II
Reservoir in Northwest Arkansas Water Resources Research
Center
Fayetteville, Ark 72701
An evaluation is being made of various nutrient contributors to a
reservoir. The purpose of the study is to predict by mathematical model
the rate at which this relatively new reservoirwill accumulate nutrients.
i) Influence of Subsurface Waste K. D. Kerri BOR Land
Disposal Systems on Receiving Sacramento State College Classes
Waters School of Engineering I and II
Sacramento, Calif 95819
The aim of this study is to develop prediction models capable of
indicating the influence of existing and proposed subsurface waste disposal
systems on receiving waters. This information is important in connection
with pollutants entering water from unsewered homes.
j) Recreational Use of Drinking L. N. Kuzminski BOR Land
Water Reservoirs University of Massachusetts Class I
School of Engineering
Amherst, Mass 81002
The essential variables which may influence pollutant dispersion in a
reservoir from a shoreline source typical of body—contact water recreational
activity are being identified, in order to develop a model characterizing
the processes of pollutant dispersion and decay.
Guidelines are being formulated to predict the location and fate of
bacteria from human origin for a given level of body-contact water recreation.
The objective is to determine which areas are amenable for bathing and, for
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Dept. of Wildlife Ecology
Madison, Wi 53706
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The efficacy of iron Versus lead shot on kill, knockdown and crippling









Carrying Capacity and Economic
University of Idaho




The objectives of this study are:
l) determine the recreational
carrying capacity and related economic impact; 2) determine the biological
carrying capacity of the water and land resources relative to vegetation,
fisheries and wildlife; 3) determine physical carrying capacity of water
and soils; and 4) determine capacity of area to retain its present
aesthetic beauty and pastoral mountain valley character.
The major
emphasis will be to provide decision—making information for land managers.





Phenomena associated with the use ofiron pellets instead of lead
for scattershot for Wildfowl hunting are being studied. Spreading
patterns, kinetic energy of the shot and gunbarrel wear are being
determined.
h) Gross Erosion Rates for the U. 8. Soil Conservation BOR Land
Upper Great Lakes Region Service Classes
I—V
This is an ongoing monitoring program; cf. Section u—l.6.
i) Title Unknown D. Prettyman BOR Land
USDA Forest Service Class V
Superior National Forest
As part of an ongoing administrative study of land management, erosion
rates have been measured at several wilderness forest campsites used by
canoeists.
j) Regional Park and Recreation B. Rubin, Chief . BOR Land








The Commission is studying runoff from urban parks as part of their
program in planning regional parks, outdoor recreation and open space
facilities.
u.l.3 Studies Concerning Bacterial and Viral Effects on Water
Quality
a) Enteric Virus Survival E. W. Akin
U.S. Environmental
Protection Agency
Gulf Coast Water Hygiene Lab
Dauphin Island, Ala 36528
This study has implications for the quality of swimming water quality.
b) Influence of Perceptions of T. L. Brown
‘Water Quality on Swimming Dept. of Natural Resources
SUNY School of Agriculture
Ithaca, N.Y. 14850
A case study approach is being used to determine residents' perceptions
of nearby waters for swimming, the degree to which their swimming participa—
tion is influenced by their perceptions of water quality, and how their
perceptions compare to actual physical and biological measures of water
quality and current swimming standards as established by local and state
boards of health.
c) Relation of Swimming Water A. W. Hoadley
Quality to the Occurrence GeorgiaInstitute of Technology
of Ear Infections Atlanta, Ga.
Preliminary results of this study indicate that pseudomonads are
important in swimming waters.
d) Epidemiological-Microbiological V. J. Cabelli
Trials on Pollution Arising Recreational Water Criteria Program
from Recreational Areas N.E. Marine Health Sciences Lab
Narragansett, R.I. 02882
Previous studies on methodology for microbiological examination of
recreational waters are being critically reviewed. Two papers are in
press and two more are in preparation on the effect of bacteria from
recreational activity on health.
122
 
e) Relation of Swimming Water J. Buck
to Occurrence of Health University of Connecticut
Problems Marine Research Lab
Noank, Conn 06340
No information available.
f) Survival of Intestinal D. L. Johnstone
Bacteria in Pristine Washington State University
Waters School of Engineering
Pullman, Wash 99163
A comparison is being made of regrowth and die—off of pathogenic and
non—pathogenic bacteriaof intestinal origin in pristine waters. Samples
have been collected from pristine streams over two years to encompass the
annual water cycle. By bacteriological and chemical characterization, the
kinetics of survival under various conditions are being studied.
Data should allow better evaluation of the fate of intestinal bacteria
introduced into water by recreational use.
4.1.” Studies Concerning Ecological Impacts of Off—road Vehicles
a) Ecological Impact of Snow— W. J. Wanek BOR Land
mobiling in Northern Bemidjii State College Classes
Minnesota Center for Environmental I—IV
Studies
Bemidjii, Minn
The project includes tests on conifer plots to determine the impact of
snowmobiling on young trees and monitoring of forest species to determine
if colder temperatures under snowmobile trails interfere with normal
life cycles.
Tree and shuﬂncommunities are being studied to determine if snow—
mobiles are effective agents of vegetation control and to observe any
changes in structure and composition with repeated usage.
The impact of snowmobiling on agricultural crops in different soils is
being examined to see if impact differs with soil type.
These studies have implications for the question of whether snowmo-





















b) Model Recreation Vehicle Larkin, Hoffman, Daly
Legislation and Lindgren, Ltd.
Minneapolis, Minn
Sponsored by Upper Great Lakes
Commission
Model legislation for all off—road recreational vehicles, except snow—
mobiles, is being drawn up. A review, summary and suggested changes of
existing administrative rules for each state of the Upper Great Lakes Region
are being made. Guidelines will be proposed for an interstate agreement
on uniform administration and reciprocity regarding off—road recreational





















User Characteristics and University of Wisconsin Classes
Economic Impact Dept. of Mechanical I—IV
Engineering
Madison, WI 53706
(Funded by Wisconsin Public
Lands Commission)
An analysis of off—road recreational vehicle users and of the economic
impact of off-road recreational vehicles in the Upper Great Lakes Region
is being conducted.
d) Snowmobiling J. V. Hoene





A report is being prepared which will reflect the acreage of National
Forest lands and the amount of acreage presently closed to snowmobile use
on those lands.
e) Off-road Vehicles C. T. Garrison
Executive Director
Texas Parksand Wildlife Dept.
Austin, Tex 78701
Specific areas and trails in a number of Texas StateParks have been
opened on a trial basis to mini-bike use.
The physical effects on the environment and the psychological effects
12”
on users and non—users are being monitored.
The effect on soil compaction,
erosion, etc., is being measured.
Use of all—terrain vehicles of low-tire—
pressure type is being monitored in some wildlife management areas. Use
is prohibited in areas with sandy soil.
A final policy decision as to the desirability of these types of
vehicles will be determined some time in the future.
f) Off—road Vehicles D. M. Gates
(Including Snowmobiles) University of Michigan
Douglas Lake Biological
Station
Ann Arbor, Mich #8106
This study is examining the impact of snowmobiles and off—road vehicles
on vegetation, soils and wildlife, especially with regard to soil erosion
potential and soil movement and the consequences of snowpack modification
on vegetation and soils.
Impact of summer off—roadvehicles on physical and chemical properties
of soils and on soil structure, vegetation and wildlife is being estimated,
primarily on steep and unstable slopes, and in sandy, windy sites.
g) Snowmobile Study Project J. Perry
Gogebic Community College
The exact nature of research has not been selected.
h) Off—highway Vehicle Study W. Mott, Jr.




This is an 18—month study started in October 1972. It will investigate
the problems and potentials related to the use of all—terrain vehicles in
California.
i) Effects of Motor Vehicle M. H. Peterson
Closure on Game Populations Planning Officer
Arizona OutdoorRecreation
Coordinating Commission
2222 W. Greenway Road
Phoenix, Ariz 85023
This study, to be completed in 197”, will determine the effect of
motor vehicle exclusion from a Ponderosa Pine study area on deer and elk









a) Detection of Hydrocarbon
Residues in Lakes
K. K. Andersen




Hydrocarbon residues could be detected in lake water at a 10 ug/l, ppm
level using methylene
chloride





is being made to
identify specific
substances.





















oil constituents and chemical oxygen demand will be determined.
The

























absorptive and evaporative mechanisms.
The
study will
develop a loading estimate
in terms of a boating-hour
index.
d)
















and demonstrate use of an emission prevention
device.
The


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Agencies monitoring water quality for the Great Lakes Basin
and supplying data to the Office of Water Data Coordination,







National Facilities Engineering Command (Navy)
National Ocean Survey (Commerce)
National Weather Service (Commerce)


























Metropolitan Sanitary District of Greater Chicago
Illinois Department of Public Works and Buildings
Indiana
Indiana State Board of Health
Michigan



























Water and Gas Department, City of Duluth
Minnesota Ore Operations, USS Corporation






























































































































































































































































































































































































ROCKY R NR BEREA OHIO
BLACK R AT ELVRIA OHIO
CUYAHOGA R AT IADEPENOENCE OHIO
ASHTABULA R NR ASHTABULA OHIO






CHAGRIN R AT HILLOUGHBV OHIO
CONNEAUT C AT CCNNEAUT OHIO
VERMILICN R NR VEQFILION OHIO
HJRON R AT MILAN OHIO
FLKHART R AT GOSHEN IND
pIFLE 8 NR STERLING M1
CASS R AT FRANKENMUTH MICH
SHIAdASSEE 8 AT CHCSSC HICH













R PAISIN NR MONPCE
“ICH






ELANCHARD R NR FINDLAY OHIO









SANDUSKV R NR PFXICC OHIO












BRULE R NR FLORENCE HIS
MENOMINEE R NR PEMRINE HIS






LITTLE WOLF R AT RCYALTON HIS




















SHEBGVGAN R AT SHEBOYGAN HIS
HILHAJKEE 8 AT NILHAUKEE HIS
F 8 MILHAUKEE R AT NEH FANE HIS
N 8 “ILNAUKEE R NR FILLMORE HIS












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 eliminate any discharge. The on—board waste will be pumped out and
treated as ordinary domestic waste; residual ash from incinerators will
be also disposed of onshore (56,llu,llS,221,225).
5.1.3 Snowmobile Technology
The primary environmental impact of the snowmobile involves
its effects upon the underlying running surface (of. Section 3.u.4).
Since this interface seems to be largely unalterable and is determined
primarily by the highly variable factor of snowcover, proper management
practice is the best method of minimizing environmental damage. Modifi—
cation of the weight, drive and runner characteristics of the vehicles





















































































































































































































































































































































 technology is available to develop less hazardous fungicides. Available
technology could solve nutrient loss by introducing holding ponds into
golf course drainage patterns. Organic rather than inorganic fertilizers
would reduce nitrogen losses. Suitable soil mixes in greens would
reduce phosphorus leaching losses.
Management practices might be improved by educating green super—
intendants to apply anti—pollution techniques, and to base their green
fertilization programs on need, as indicated by soil testing. The Greens
Service of the U.S. Golfing Association cooperates with greens super—
intendants in setting up suitable programs for greens maintenance.
5.1.6 Hunting
Lead shot pellets have been shown to cause enormous casulties
among ducks by lead poisoning (cf. Section 3.4.6). While gross amounts
of lead are not high, the shot is concentrated in choice wildfowl habi—
tats, where chances of ingestion are high. A technological solution to
this problem is being sought in the form of a suitable substitute for
conventional lead shot.
5.1.7 General Recreational Environment
Ability to deal with pollution is dependent on our total tech—
nological capability. In the recreational area, both management and
monitoring technologies are as important as engineering technologies in
controlling pollution. Examples of good management technologies include
provision of solid and sewage waste treatment systems, septic tank system,
erosion control and watershed management. Septic tank systems are gen-
erally employedwhere city sewer facilities are lacking; they have great
value tothe recreationist because they allow him to enjoy a choice
recreational site without losing any comfort in his living arrangement.
By placing systems of proper dimensions on appropriate soils at appro-







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Monitoring of the bacterial and nutrient contents of
groundwater near large unsewered recreational facilities and of recrea—
tional waters
during periods of peak use should be conducted to establish
whether health hazards exist that can be corrected by appropriate manage—
ment technology.
To combat litter, whenever possible biodegradable containers should
be used for materials sold in recreational areas and such incentives as
deposits on returnable bottles should be used.
5.3 Need for New Technology
There are certain areas where new information is needed together
with its subsequent application to new management technologies.
Studies
must be undertaken to develop a meaningful correlation between the
presence of coliforms and real health risks
from pathogens in recreational
waters.
There seems to be broad agreement that present methods are inade—
quate but
that with additional work, a much more accurate correlation
could be developed and used in swimming area management.
New culturing
techniques for detecting and isolating pathogens, which are present only
in extreme dilution, are needed.
New methods are needed for constructing recreational facilities on
unstable or problem soils in order to minimize pollution resulting from
erosion or poorly functioning septic tank systems.
Lastly, new technologies are needed for eliminating nitrate and
phosphate flow into groundwater or surface waters from non—sewered







NEED FOR NEW RESEARCH, DEMONSTRATION OR MONITOR NC PROGRAMS
6.1 Gaps in Knowledge Likely to be Remaining by 1976
Considering that the total impact of recreation on the overall picture
of water quality appears to be relatively insignificant compared to most
point sources of pollution and several other diffuse sources of pollu—
tion, there are no critical areas of concern that require immediate
attention in the form of a concentrated crash program of research.
It is nonetheless probable that there will still be minor gaps in know—
ledge remaining by l976 which are relatively important within the

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This would help circumvent problems that might be caused by
occasional extremely heavy use of some areas, such as the Eagle River area
in northern Wisconsin during snowmobile championship meets.
Analogously,
basic information on the levels of nutrients and bacteria in waters close
to campsites, recreation resorts, etc. at periods of peak use would estab—
lish the adequacy or inadequacy of sewage treatment facilities in such
areas and indicate whether better or larger capacity facilities, or dis-
posal site relocation would be desirable.
This kind of information would
also assist in planning the size, type and location of sewage treatment
facilities at sites to be developed to meet future needs.
6.2.2 Demonstration and Monitoring Projects
Since water pollution caused by recreational activities appears
to become serious or critical only in restricted heavily overused areas,
it is important to determine the effective carrying capacity of recreational
lands and waters.
It is important to correlate the physical use capacity
and limitations of the resource with the satisfaction of the recreational
experience of the site users and the environmental consequences of overuse.
This necessitates correlation of statistics on visitor volume at heavily
used individual sites with water quality monitoring and sedimentation
measurements.
At present, routine water quality (257) and erosion (2#6)
determinations are seldom specifically directed toward heavily used rec—
reational areas, or toward periods of peak use.
Closer coordination of
these activities or improved interpretation of data already available
would assist in determining optimum and maximum loading capacities for
high density recreation areas.
There are numerous instances on the frontier of new and developing
technologies where demonstration projects could
serveto provide guidelines
for future practice.
Many such projects could be included within the
ongoing management programs of federal and state
governmental agencies or of private enterprises presently catering to
recreational needs.
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CLASSIFICATION OF NATURAL AREAS IN THE
GREAT LAKES REGION
I. Wetlands








Banks and bluffs (stream and lake)






Barren lands (rock, sand, and glacial till)
Praries and grasslands
Forests and woodlots





Forest lands occupy 16,045,000 hectares (39,625,000 acres) (46 percent)
of the surface area of the Great Lakes Basin, submerged lands under small lakes
and streams (exclusive of the Great Lakes) account for another 1,185,000 hectar
(2,927,000 acres)
(3 percent), and all other natural areas total 1,965,000 hect
(4,853,000 acres)
or 55 percent of the Basin.
Table 2 presents a breakdown of
these three types of undeveloped areas by the Great Lakes Basin Commission
Planning Subareas.




































































































4.2 Erie 453 349 49 851 6,369
4 .3 Erie 539 288 24 851 2, 832
4.4 Erie 1,355 109 43 1,517 3,113
5.1 Ontario 872 98 18 988 2,477
5.2 Ontario 2, 545 428 255 3, 229 5,583












      
Data Source:



























































































































































































Forest lands taken together represent 84 percent of the total natural
or undeveloped area in the Great Lakes Basin. These forest areas can be
divided in terms of whether deciduous (hardwoods) or conifers (softwoods)
predominate. Hardwoods have broad leaves and retain them only in the
warmer part of the year. The hardwoods are the major component (76 percent)
of the Basin's forest land. Conifers have needle-like leaves andwith a
few exceptions are in leaf throughout the year. The softwoods represent
Only 24 percent of the forest land in the Basin (4).
Two hardwood forest regions exist in the Great Lakes Basin. They
differ in species, growing conditions and hydrologic characteristics. The
northern hardwood region occupies the most northerly and elevated portion
of the Basin and makes up 70 percent of the hardwood forest. To the north
and east it merges imperceptibly into the conifer forests as the growing
season becomes shorter and plant growth is limited by temperature rather
than moisture availability. To the south it merges into the eastern
hardwood region as the growing season becomes longer, and as rising summer
temperatures reduce the available supply of soil moisture during the growing
season. The major forest types are the maple—beech—birch type and the
aspen-birch type. The eastern hardwood region is 30 percent of the hardwood
forests and covers a great range in growing conditions. In the north and
at higher elevations in the east its range is limited by low temperatures.
There is a great variety in the natural vegetation and a growing Season
that is long and well supplied with rainfall. A great number oftree species
can be found in this region. In the high land of the region, the oak-hickory
type is present. The elm-ash—cottonwood forest type is dominant in the
lowland (4).
The softwoods are made up of two disthict forest types, the spruce-fir
type and the white—red-jack pine type. There distinction has a hydrologic
significance. The spruce-fir type makes up 64 percent of the conifer forests
and is variable in composition, depending primarily upon soil drainage
conditions. In poorly drained locations conifers occupy the soil almost
completely, but on well-drained areas it can be found mixed with northern
hardwoods. The over-all appearance of spruce-fir type is of dense growth,
with large openings present only where swamp waters are deep or where large
areas of bare rock are exposed. The climate in which it is found is humid
and temperature rather thaninoisture availability limits plant growth. The
pine type is scattered throughout the northern portions of the Basin. The
species involved are white, red, and jack pine. The climate over their
range is cool and humid. This type is usually most closely associated with
well-drained sandy soils and usually possess single—storied crown and open
spaces beneath (4). ‘
Submerged lands under major streams and lakes greater than 40 acres
account for 10 percent of the undeveloped areas of the Great Lakes Basin.
The remaining 6 percent of the undeveloped land in the Basin consistscof all
the other types of natural areas listed in Table 2 plus a minor amount of
land use such as farm roads, ditch banks, fence and hedge rows, and idle
land (4).
Natural fish and wildlife wetlands and marshes are located on Lakes




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SOURCE PARTICLE SIZE CLASSIFICATION
SUSPENDED COLLOIDAL DISSOLVED
Molecules Positive ion Negative ions






Mineral soil Carbon Sodium, Na’ Chloride, Cl‘
and rock ‘— Sand—-> dioxide, CO2 Potassium, K+ Fluoride, F'
*—Clays—* Calcium, Ca“ Sulfate, 505‘







Living organ- Algae Carbon Hydrogen, H‘ Chloride, C17
isms and dioxidE, C02 Sodium, Na‘ Bicarbonate,
their de- Diatoms Oxygen, Oz Ammonium. HCO;
composition Bacteria Nitrogen, N1 NH: Nitrate, NO;
products “Organic soil Hydrogen
(topsoil)—' sulﬁde, H28
Fish and Viruses Methane, CH.
other or- Organic Various or-
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FIGURE 2. Composition of rock exposed at the pr‘e-Pleisto—









      





Upchurch (54) considers the earliest chemical records as representing
steady state concentrations for the Great Lakes before the recent, rapid


















was producing the only loadings to the lakes. This assumption is based
on the fact that chemical concentrations in Lake Superior have remained
essentially unchanged in the past 100 years which indicated that load of
a natural origin reach a steady state concentration in that inflow of
a particular constituent equals outflow plus biotic and sediment uptake



















































































































































































































































































































































































































































































































































































































































































































































































































































NATURAL CHEMICAL LOADS AND BASIN WEATHERING RATES








Load1 w Rate2 Load w Rate Load w Rate Load w Rate Load w Rate











CaICium (Ca+) 7.9 0.63 15.0 1.30 16.0 1.20 17.0 2.30 8.0 1.30
Sulfate (SO4_2) 2.3 0.18 3.8 0.32 4.9 0.37 13.0 1.70 6.0 0.95
. +







            
Data Sources: Beeton (3) and Upchurch (54).
1 loads in 108 kg/yr (2.2 x 1031b/yr)
2







LOADS TO THE GREAT LAKES































Erie 80 47% 90 53% 170 22
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—into Whitefish Bay is noted for its unusual color. The surface waters
are colored because of tannins naturally present in the basin (25). The
tannins are produced in acid bogs and muskegs which are abundant in the
region. The shoreline at the western end of the lake and the interior
drainage basins contain an easily erodible red clay which discolors the
streams and lake (29). Several trout streams haVe been destroyed by
sedimentation of the material (37).
Bonnann and Likens (6) studied nutrient cycles in a natural deciduous
forest ecosystem in New Hampshire and found net losses for most elements.






























The generalized calcium cycle for an undisturbed beech-naaple ﬁarest eco—
system is shown on Figure 4.
A 15.6 hectare (39.0 Acres) segment of the Forest vvas deforested in
1956 and nutrient inputs and releases were monitored at the test area and
in undisturbed portions of the forest. The experiment demonstrated that
net losses of potassium were 21 times higher in the test plot than in the
undisturbed watershed; calcium 10X; aluminum 9X; magnesium 7X; and sodium
3X.
The releases of chemicals from the undisturbed forest lands are
considerably lower than (2 to 5X) the natural weathering rate for Lake
Superior calculated by Upchurch (54). However, release rates for the
deforested areas are twice as high as the natural rate for Lake Superior,
but compare well with the natural rate for the lower lakes.
Fisher and Likens (18) studied the natural organic energy budget of a
stream ecosystem in a deciduous forest in New Hampshire. They found that
energy entered the stream by a variety of pathways. Meteorologic inputs
consist of litter (leaves, branches, twigs, etc.) which fall or are blown
into the stream in through-fall (precipitation which has passed through the
forest canopy). Geologic fluxes consist of groundwater inputs and dissolved
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‘ .. .3 PARTICULATE
  
FIGURE 4. Calcium cycle for a forest ecosystem.
Numerals represent the average number of kilograms
1}
per hectare per year; developed by Bormann
and Likens (5).












been developed by Upchurch
(54)














Several studies have been conducted
in deciduous
forestsin New
Hampshire (5, 6 and l8) which model nutrient inputs and outputs
in that
type of ecosystem.
The models developed for New Hampshire can probably
be applied to similar areas in the Great Lakes Basin.
Investigations by the U.S. Army Corps of Engineers (53) provide methods
of assessing and quantifying shore erosion problems along the Great Lakes.
These techniques were developed to show material losses from beaches and
bluffs and do not specifically relate to chemical
inputs.
Agricultural experiment stations in all of the Great Lakes states are
conducting research on nutrient enrichment of waters.
Some are including
the contribution of soil erosion and water runoff and the role of sedi—
ment-nitrogen and sediment-phosphorus interactions in eutrophication (14).
12.3.5 Mobility of Pollutants and Natural Renovation Mechanisms
The materials which fall into the category of natural pollutants are
many and varied. They include such substances as (a) dissolved chemicals
leached from soil and rock, (b) suspended sediment and other particles,
(c) leaves, branches and other plant materials and (d) wild animal wastes.
Because of this wide variety, the mobility will also be divergent. Leaching
rates for each lake basin are given in Table 4 and sediment delivery rates
are presented in Table 6. Plant debris and animal wastes are more difficult
to quantify. Fisher and Likens (18) believe that streams draining intact
forested watersheds are highly heterotrophic, receiving a major portion
of their energy from the surrounding forest. The forest transforms solar
energy to carbon compounds which enter the stream as detritus and dissolved
organic matter. The latter accounted for 47 percent of the total energy
input in their study area.
The principal natural renovation mechanisms are related to the cycling
of materials in an ecosystem. The principal producer organisms of stream
ecosystems are the attached algae, plankton algae, rooted aquatic plants,
and such terrestrial plants whose parts may fall or become washed into the
stream. The annual leaf fall in some deciduous forest areas make a major
contribution. The submergent aquatic producers must depend largely upon
those raw materials (02, C02 dissolved mineral salts, etc.) either present
in the stream proper or available from the substrate. The emergent and
terrestrial vegetation also have the atmosphere as a raw material resource.
The transformation from a stream system to a lake changes a number of
physical factors which will be reflected in the entire system. A partof
this impact will be direct and part by way of changes in trophic dependencies.
It is relatively certain that the rooted or otherwise attached plants in
and adjacent to a stream are its major producers. A flowing stream has
planktonic life to the extent that the pool areas between the riffle—run
._18_.
  
    
features resemble lakes. In the Great Lakes, the planktonic algae are
the principal producers. To complete the cycle, an important group of
organisms occupying the niche of decomposers (bacteria, yeast and fungi)
perform the task of breaking down dead organisms and their waste products
into simpler substances that can be reused by the producers (green plants).
3.6 Probable Changes in Land Use and Projected Pollution
Benzmann and Kerr (4) have projected the use of forest and other natural
areas for the years 1980, 2000 and 2020. They predict that forest acreage
will decrease by only 3 percent in 46 years and that other natural areas
will diminish by 10 percent (Table 7). Because natural areas are normally
at equilibrium and have been for some time, it is unlikely pollution loads
will increase from these areas or change in constituents. Considering the
projected decrease in the area of this land use category,as a result of
forest loss and shoreline developments future pollution loads will likewise
be less.
3.7 Review of Institutional Arrangements to Regulate Land Use
The regulation offederally owned undeveloped land is normally assumed
by the managing agency. Most of the federal lands in this category within
the Great Lakes Basin are administered by the U.S. Forest Service of the
Department of Agriculture. Some wetlands areas are designated as wildlife
sanctuaries and are administered by the U.S. Fish and Wildlife Service of
the Department of the Interior.
State—owned natural areas are usually managed by natural resources
and conservation departments. Other undeveloped public lands are owned by
universities, conservation districts, museums, park districts,‘municipal-
ities and similar groups.
Considerable undeveloped acreage is also owned by private corporations
or individuals. These include investment tracts, hunting associations,
abandoned farm and timber lands, etc.
Because of the non—use nature of this category and the lack of
significant pollution loadings, regulations have not been imposed upon
discharges from these lands. Most states have some form of legislation
designed to preserve such lands or to provide incentives to encourage





















































































































































































































































































































































































































































































SUMMARY OF ONGOING OR PROPOSED RESEARCH, DEMONSTRATION,
OR MONITORING PROGRAMS
4.1 Nature of Studies and Relevancy
Owing to the fact that natural pollution is not a major contributor to
the degradation of stream and lake water quality (other than the long-term
natural eutrophication process) and the realization that these kinds of
impurities would be difficult to control, there has been only a limited
amount of research on this topic. The present inventory has uncovered only
a few investigations that are presently ongoing or proposed. These are
summarized below:
 
1. Project Topic: Natural Weatering and Chemical Load in the Great Lakes
2. Investigator(s): Dr. Sam B. Upchurch and Associates
3. Institution or Agency: Michigan State University, Department of
Geology and Lake Survey Center, NOAA
4. Period of Program: 1968—present
5. Objectives: To determine the natural and cultural chemical loads to
each of the Great Lakes and develop mathematical models.
6. Relevancy: Study will yeild an estimate of steady state inputs prior
to habitization of the Basin.
1. Project Topic: The Nutrient Cycles of a Forest and Stream Ecosystem
2. Investigator(s): Gene E. Likens and Associates
3. Institution or Agency: Cornell University, Ithica, New York
4. Period of Program: 1970-present
5. Objectives: To determine how a natural ecosystem works, what the
inputs and outputs are and how they occur.
6. Relevancy: The study will provide data on the effect of a forested
watershed on the stream. '
1. Project Topic: Shoreline Studies of Great Lakes States
2. Investigator(s): North Central Division, U.S. Army Corps of Engineers
3. Institution or Agency: U.S. Army Corps of Engineers
4. Period of Program: 1877-present
5. Objectives: To study shoreline erosion and land use.
6. Relevancy: This study indicates shore uses and shoreline erosion rates.
1. Project Topic: Shore Erosion on the Southern Shore of Lake Erie
2. Investigator(s): Charles Carter and Associates
3. Institution or Agency: Ohio Geological Survey
4. Period of Program: 1953—present
5. Objectives: To study shore erosion along the Ohio shoreline of Lake Erie.
6. Relevancy: This study provides data concerning bedrock geology and
erosion rates.
  
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NATURE AND AVAILABILITY OF TECHNOLOGY TO COPE WITH POLLUTION PROBLEMS
The technology available concerning natural pollution is very limited.
Although the problem has exsisted since the geologic formation of the area,
man's interest has only recentlybeen aroused.
Upchurch (54) used the formula: natural load=weathering+precipitation
when working with levels of natural pollution in the Great Lakes Basin.
The formula appears to be an effective tool but only continued testing
will be an accurate evaluation of its effectiveness.
Hilty and Kinkle (27) detennined the outflow components from natural
areas by studying the hydrography of the area. They were then able to
express this in a flow diagram. This system was developed for work in
the Great Lakes Basin and provides the sources and quantities of the
pollutants.
The U.S. Forest Service (21) has developed a method to relate silvi-
culture practices to the quality of the water leaving the forests in the
Great Lakes Basin. The method is new and needs to be evaluated.
The Red Clay Interagency Committee (37) has developed a number of
techniques that can and are being used in Wisconsin to prevent the natural
pollution of Lake Superior from the red clay banks. Among these techniques
are seeding, mulching and bank stabilization. These methods hold promise
for the control of the Wisconsin red clay problem.
Likens and associates (6, 12, 5) developed techniques for determining
the ecological relationship between a forested watershed and the streams
draining it. The study in which the techniques were used was done by the
Hubburd Brook Experimental Forest Station, New Hampshire. Meteorological
inputs were measured by a network of gauging stations. Geologic outputs
were measured by means of a weir built at the foot of each watershed.
Using the weir, which also contained a ponding basin, the water leaving
the watershed could be measured and, by combining these data with frequent
chemical measurements the quantities of chemical substances that are
leaving the watershed could be ascertained. This study could provide
valuable data indicating how proper management could reduce material
pollution levels.
Section 6
NEED FOR NEW RESEARCH, DEMONSTRATION OR MONITORING PROGRAMS
The study of natural pollution is a relatively new field, though the
problem and processes have been occuring throughout man's exsistence.
There are many important questions that need to be answered. Agood
starting point would be to define, or determine what the natural pollution
problem is. This should then be followed by an evaluation program to
determine the causes and extent of the problem. A third and final phase of
the research effort should deal with two questions: a) can the natural
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because the surface is flat the rain water runs off
very slowly, and the growth of vegetation in the
damp soil helps maintain the swampy condition.
A tract of land that has not been altered for human
purposes;
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This report is a State-of-the-Art document concerning the existing
or potential pollution of the Great Lakes Basin associated with liquid
waste disposal on land. Current public and professional interest in
land application of wastes is high and has resulted in numerous current
publication on the subject. This information greatly facilitated the
development of this report.
Major consideration was given to land application of waste materials
from municipal wastewater effluents and liquid sewage sludges, industrial
effluents and sludges, and wastewaters from individual home waste treatment
systems. The potential pollutants most often considered in land application
systems are organic compounds, the biostimulants nitrogen and phosphorus,
toxic organic compounds, heavy metal ions, a number of non-metallic inorganic
elements and ions, and pathogenic microorganisms.
Application of wastewaters and liquid sludges, both industrial and
municipal, to soils in the humid high rainfall area of the Great Lakes
Basin has not been as common as in states of Western United States. Con-
siderable evidence suggests that the use of land for waste treatment and
renovation may become more popular in the Great Lakes Basin in the future.
The continual construction of homes away from municipal sewage systems has
and still makes septic systems and soil leach beds continually important
throughout the Great Lakes Basin.
1.2. Summary and Conclusions
Information adequate to evaluate the existing pollution impact assoc-
iated with the application of municipal and industrial wastes to soils for
treatment or disposal are presently not available. All of the states within

















































































































































































































































































































 in the near future. Conversely the use of land disposal and leach beds
for sewage wastes from individual homes may be expected to decrease in
the near future. In this case the combined impact of legislative controls,
obvious community problems, and education may result in the realizationo
that many soils are unsuitable for treatment of septic tank effluents.
The results will be combined sewage systems or the development of alter-
nate systems of waste treatment.
The future environmental impact of land treatment systems for
municipal and industrial wastewaters will probably be positive. The data
presently available indicates that a properly designed and managed land
treatment system for wastewater effluents has the potential for nearly
complete removal of BOD and COD materials; pathogenic bacteria and viruses;
phosphorus; detergent residues; and heavy metals. High levels of treat-
ment are provided for nitrogen, sulfates, and chlorinated hydrocarbons.
Various soluble salts such as boron, sodium, chloride, and calcium which
together are measured as total dissolved solids (TDS) are not removed as
affectively and may pose the greatest threat to water quality. Liquid
sludges present some of the same environmental concerns as effluents.
However, as with effluents, a properly designed and managed land system
for sludges should not present an environmental hazard. Most significantly
it must be remembered that soils are not disposal areas for sludges, but
must be managed to assure renovation and recycling of sludge components.
It is not possible to be as optimistic about the future environmental
impact of effluents derived from individual home treatment systems. Al-
though the pollution hazard from such land treatment systems has been





There is presently available a considerable quantity of research
and experience which is useful in designing and managing effective land
































































































The application of liquid wastes to land for the purpose of dis-
posal is not a new concept (see brief historical review in Section 3.
2). Numerical information on the overall impact of this land use area
is difficult to obtain. State by state inventories of land treatment
facilities have been difficult to complile. Many states have beenuntil
very recently largely uninvolved with the operation of land treatment
(or disposal sites) and have not provided legal control or guidelines
pertaining to their operation. Much of the information available on
municipal land treatment and disposal systems has been reviewed by
Thomas (1973). One report published in 1972 lists 571 municipalities
serving a population of 6.6 million using land application for waste-
waters. Another survey conducted in 1965 reports a much larger number,
947 cities, utilizing land for wastewater application. The thirteen
western states by and large contain the major portion of these opera-
tions. The data in Table 1 is a compilation of all confirmed land dis-
posal and treatment facilities for wastewater within states of the
Great Lakes Basin as of 1972. Even though acknowledging that this list
is already incomplete, it is apparent that the population served by
land treatment systems represents a negligible portion of the total
population in the basin.
Any consideration of liquid waste application to land must con-
sider septic tank systems. Thomas (1973) has stated that more waste-
water is applied to soils by this method than by any other approach
(up to several billion gallons per day in the U.S.). The USDA Economic
Research Service (1968) estimated that some 14 million homes, account-
ing for about 25 percent of the total U.S. population have septic tanks
or cesspools for wastewater disposal. Extrapolating this percentage to
the population of the basin (“'32 million) would mean that approximately
eight million people use septic systems at this time. There are no
figures on the magnitude of pollution associated with these systems,
but it could be locally severe. Winneberger (1972) estimates that
approximately one-third of these septic tank systems will fail within
three years of installation.
Land disposal of industrial wastewater ranks second in volume of
wastewater applied to land although there is no readily accessible in-
formation to verify this ranking (Thomas, 1973). In 1965, approximately
1300 industrial facilities applied wastewater to land. Food processing
industries are the dominant users of land disposal and treatment, with
dairy and meat packing industries making up a large percentage of the
remainder. Confirmed industrial users of land disposal of wastewater
within the states of the Great Lakes basin are shown in Table 2. These
 
  
data support the previous statement that the volume of industrial
wastewater applied to land is second only to that of septic systems.
The previous data does not contain information on liquid sludge
disposal sites in the Great Lakes Basin. Complete information is
presently not readily available for
states in the basin. An inquiry
in the State of Ohio ( Robert Brown, Ohio EPA, personalcamnunication)
suggests that municipalities disposing of sewage sludges on land may
be more extensive than previously realized, particularly among smaller
communities.
The previous brief reviews have demonstrated that land application
of wastes is already an accepted alternative for treating and disposing
of home, municipal and industrial wastes. Yet, at the present time we
are in the midst of an amazing rekindling of interest in the land
application mode of waste treatment. A listing of the major references
dealing with this subject (see Section 7.1) emphasizes both the extensive
and current interest in applying liquid wastes to land. The current
attractiveness of the land treatment alternatives is probably associated
with one or more of the following reasons; 1) It replaces direct dis-
charge of treated wastewaters to streams, 2) is often cost effective
in comparison to other methods of wastewater treatment on sludge dis-
posal, 3) is encouraged somewhat by the wording of recent water pollution
control legislation, 4) is environmentally attractive as a system of
"recycling a resource out of place", and 5) may supplement potentially
short supplies of fertilizer nutrients, especially phosphorus and nitrogen.
There can be little doubt that the use of land for application of
liquid wastes within the Great Lakes Basin will increase substantially
in the future. However, because the renewed interest in land use has
resulted in a more scientific approach to design and management than
ever before, the overall impact on ground and surface water quality
within the Great Lakes Basin, should be favorable. The old idea of land
disposal systems for wastes has apparently given way to the idea of land
treatment systems for wastes.


















































































the publication of numerous
symposia,
 
proceedings workshop reports, study committee reports, engineering
feasibility studies etc. that are both current and pertinent to this
report.
2.3 Study Procedure
The content of this report represents the author's best attempts
at interpreting and synthesizing all published information on liquid
waste disposal as this information applies to Task A, Land Use/Water
Quality Relationships. For a detailed listing of all published infor-
mation reviewed for this report see Section 7. In addition, the author's
current research activities and participation in symposia, workshops,
study committees, etc. have brought them in frequent contact with
individuals and groups concerned with the technological, legislative,
and environmental aspects of liquid waste disposal on land. These
contacts have made available additional insights and concets other
than those already in published form.
The completeness of the literature search was ascertained by
consulting the "Abstracts of the Office of Water Resources Research",
and the "Mechanized Information Center" (MIC) of the Ohio State Uni-
versity Library.
It is important to note here, that "land disposal of liquid wastes"
is a poor term for designating all examples of this land use. The term
"dispose" takes on the definition of applying large volumes of waste
simply to get rid of the waste. Better terms would be "liquid waste
renovation on land" or "liquid waste treatment on land". Both of these
latter terms connote an attempt at planning and managing the land to
make maximum use of soil physical, chemical, and biological processes
for solving a waste management problem ( the "living filter concept").
We thus will assume that in the future, disposal in reality will mean
"renovation", or treatment. At the present time the installation of
poorly designed septic systems, in soils unsuitable for receiving the
wastes is an example of a waste diSposal system rather than a waste















































































































































































































































































































































































































































































































































































































































































































































































































































of compounds which might





















where industrial wastes reach the sanitary system. Here heavy metals
and ions
such as












reflects the inorganic constituents added to the in-
itial supply during one cycle of water use. Nitrogen, phosphorus,
  
Table 1. Municipalities Within States of the Great Lakes Basin
 















Harbor Springs Area, Mich. 3,500 1972 0.5





Ottowa Co. Rd. Comm., Mich. 80 1969 0.008





Belding, Mich. 2,000 1972 0.20
Leoni Twp., Mich. 9,000 1971 0.90
Wayland, Mich. 5,000 (1990) 0.50
Vermontville, Mich. ~ 1972 0.36
Spring Green, Wisc.* 1,200 1939 -
State College-University Pk.,Pa.* 37,000 1963 3.7
Napoleon, Ohio 7,790 1965 4.5
Milton, Wisc. 1,670 1939 0.4
Westly, Wisc. * 1,540 1958 0.174
* Not in basin
** Includes some flow from industries






























































































































Kansas City Star Co.
Park Falls, Wise. - 1952 0.300
Kimberley Clark
Niagara, Wise. - 1958 1.320
Loyal Canning Co.

















































































































































































































































Ir 1 mgd = 3785.4 m3/day
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and land treatment methods were considered as less desirable alter-
natives for waste disposal. Waste treatment and disposal on land was
not totally abandoned during this period and municipalities and in-
dustries continued to utilize land systems with some success (Center
for the Study of Federalism 1972; Pound and Crites, 1973; American
Public Works Association, 1973). Land disposal of untreated or parti-
ally treated wastes (sewage farming) in foreign countries remained
more popular with Paris, Berlin, Mexico City and Melbourne, Australia
the most notable example of systems still operative today.
During the first half of the twentieth century, the majority Of re-
maining land d13posal sites were located in Western United States. This
occurred because increased land value and increased population pressure
led to the abandoment of irrigation sites in Eastern United States.
In addition the value of sewage wastewaters for crOp irrigation and
ground water recharge in the arid and semiarid regions of our Western
States became readily apparent. Application of wastewaters, both in—
dustrial and municipal, to soils in the humid high rainfall area of
the Great Lakes Basin has not been as common as in the Western United
States ( Table l and 2). These data also show that almost all
of these operations have been initiated within the past two decades,
and the majority within the past decade. It seems apparent that only
now, in an era of renewed interest in the use of land for liquid waste
disposal, or waste renovation, may we find that land application of
wastes to soils of the Great Lakes Basin may become a highly significant
alternative for waste treatment and renovation. More will be said about
the reasons for this change in subsequent sections.
Widespread use of septic tank systems began in the post World War
II era and in developing urban areas and rural areas. The continual
construction of homes away from municipal sewage systems has and still
makes these septic systems of continuing importance throughout the
United States. Their relative use throughout the Great Lakes Basin is
undoubtedly comparable to elsewhere, but accurate figures on numbers
of installations is difficult to obtain.
3.3 Types and nature of pollutants associatedwith liquid waste
applications to land.
The types of pollutants reaching the soil surface will differ
greatly from municipality to municipality and from industry to in-
dustry. The degree of waste treatment, the treatment process itself
and the nature of the community and industry contributing wastes all
significantly effect the pollutants present in the wastewaters and
sludges.
Perhaps it would be most useful when discussing land disposal or
land treatment systems for wastes to use the term potential pollutant
rather than pollutant. Such a term would and should emphasize the
value of considering the soil as a "living filter" (Sopper and Kardos,
1973) and the desirability of using soils for renovation of wastes
712-
 Table 3. Municipal Wastewater Characteristics ( From Pound & Crites,
1973, Vol. 2)




Untreated treatment Actual quality
Constituent sewage effluent applied to land
(1) (2L (3
Physical
Total solids 700 425 760-l,200
Total Su5pended
solids 200 25 10-100
Chemical
Total dissolved
solids 500 400 750-1,100
ph, units 7.01: 0.5 7.0”! 0.5 6.8-8.1
BOD 200 25 10-42
COD 500 70 30-80
Total nitrogen 40 20 10-60
Nitrate-nitrogen 0 -- 0-10
Ammonia-nitrogen 25 -- 1-40
Total phosphorus 10 10 7.9-25
Chlorides 50 45 40-200
Sulfate -- —— 107-383
Alkalinity (CaCO3) 100 -- 200-700
Boron —- 1.0 0-1.0
Sodium -- 50 190—250
Potassium -- 14 10-40
Calcium -- 24 20-120
Magnesium -- 17 10-50
Sodium adsorption %
ratio -- 2.7 4.5—7.9 1
Biological @
Coliform organisms, l
MPN/lOOml 106 -- 2.2-106 ’1
Sources:
Column 1- Medium strength (Metcalf & Eddy, Inc. Wastewater Engineering
McGraw Book Co., N.Y. 1972). !
Column 2- CRREL Special Report 72-1.
















































Hardness (as CaCO3) 7O































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5. Chemical analyses of sewage
(Peterson et a1, 1973)

























































































































































































































































   
  
Table 6. Identifying Characteristics of Liquid









































































































































































































































































































































































































































































































































    
 even more difficult to quantify. It seems logical to conclude that
the primary reason for this lack of information is a reflection of
societies rather recent consideration of environmental concepts and
problems. The majority of municipal and industrial land application
systems designed during the past two decades or longer, reflected
this environmental apathy, and did not provide for adequate monitoring
of renovation efficiency.
The need for information on the possible pollution problems
associated with land application of wastes is great and immediate.
Most of the proposed land wastewater and sludge treatment projects
in the planning stage are being designed to minimize ground and sur-
face water pollution. These projects will only be as effective as
the information used to make design predictions.
There are three approaches presently available for assessing
and quantifying present and future water pollution problems associated
with practices by which liquid wastes are applied to land. The first
approach is to study established facilities employing land application
of domestic and industrial wastewater and sludges. During the past
two years three major reports have tabulated performance data on a
relatively large number of existing sites at home and abroad. Although
there has been some duplication the overall result has been to greatly
increase our knowledge of operational success.
The first of these surveys, the 1972 report by the Temple Uni-
versity Center for the Study of Federalism, Green Lands—Clean Streams,
included 35 existing and 3 proposed land treatment facilities for
effluent in the United States. Some of these such as the Flushing
Meadows, Arizona rapid infiltration site, the Pennsylvania State Uni-
versity spray irrigation site, and the Paris, Texas overland flow
site have been designed to monitor their impact on ground and surface
water quality. Although a number of sludge application sites are des-
cribed, little information on their impact on water quality is provided.
The second major report is the Metcalf and Eddy study for the U.S.
Environmental Protection Agency entitled Wastewater Treatment and
Reuse by Land Application, Vol. 1 and 2 (Pound and Crites, 1973). This
report provides reasonably detailed summaries of the operation of land
application facilities by 10 municipalities and 11 industries. Limited
information is provided on the effect of these facilities on water
quality since these data were not available.
 
The third significant contribution the American Public WorksASSOCiatiOD
Foundation report, Survey of Facilities Using Land Application of
Wastewater, (1973), supplies on-site, in-depth investigations of
67 municipal and 20 industrial land application systems, and summaries
of questionare data from an additional 86 municipal and 36 industrial
sites utilizing land application for wastewater treatment and disposal.
An additional 136 municipal and industrial land application sites were







The total amount of information from these reports is most val-
uable, but does not provide Sufficient data for a thorough evaluation
of the impact of applying wastewater and sludge to land on environ-
mental quality. Their main value may be to identify existing land
treatment locations so that detailed studies can be initiated on
selected sites.
The second procedure for evaluating and quantifying pollution
problems is to provide for detailed monitoring of ground and surface
water quality as well as soils at new and future land treatment in-
stallations. As an example it is possible to point out that the new
Muskegan, Michigan Wastewater Management System is being subjected
to extensive monitoring activities for all potential water pollutants.
Likewise it has been proposed that many "early action” sites related
to the Alternative Wastewater Management Studies of the U.S. Army
Corps of Engineers ( Detroit and Southeastern, Mich.; Cleveland-Akron
and Three Rivers Watersheds; and Chicago Studies) incorporate adequate
provisions for monitoring wastewater quality.
The third approach is that of identifying research needs and
carrying out the necessary research in an attempt to provide the
answers. At the present time the task of identifying research needs
associated with applicationof wastes to land is being actively pur-
sued under the sponsorship of a joint committee of the USDA, EPA, and
the National Association of State Universities and Land Grant Colleges.
As a result of this committees efforts, a workshop was organized in
July, 1973 in Champaign, Illinois to discuss all aspects of liquid
effluent and sludge application to the land and to focus on research
needs. The proceedings of this workshop, Recycling Municipal Sludges
and Effluents on Land, have been published and contains the results
of these deliberations. Other regional workshops are being planned
to further discuss and refine research needs. It is hoped that adequate
funding to support the designated high priority areas will be forth-
coming.
 
The need for research, demonstration or monitoring programs to
reduce the pollution potential of land treatment systems are discussed
in greater detail in Section 6.























mantel which influence the renovation of wastewaters and sludges.
Of
the myriad of waste
constituents
applied

















































































































































































































































































































































































































































head. The rate of movement is largely controlled by the permeability
of the strata and the hydraulic gradient, both of which are relatively
low in most natural situations. As a result, ground-water velocities
commonly range from about 1.5 meters (5 ft.) per day to as little as
1.5 meters (5 ft.) per year.
Shallow ground-water reserviors, in the majority of cases, are
recharged over wide areas owing to the infiltration of precipitation.
The most common zones of discharge are springs, seeps, lakes and streams.
Consequently the contamination of a ground-water reservior could well
lead to the contamination of a surface—water supply. Fortunately, how-
ever, the movement of ground water is so slow and the dilution so
great, both in the ground and at points of discharge, that the increase
in mineralization in a stream might amount to only a few milligrams per
liter. Exceptions occur in areas where grossly contaminated ground-water
discharges into a stream characterized by small flows. Water-quality
problems such as these most commonly occur during dry-weather flow
conditions in late summer and early fall.
A more complete discussion of hydrological factors important in
land treatment systensis provided by Parizek (1973).
3.6 Natural renovation mechanisms available to remove pollutants and
contaminants from liquid wastes applied to land.
The soil matrix provides a complex series of physical, chemical,
and biological processes and interactions which contribute to the re-
novation of wastewater and liquid sludges. This collective activity
has been likened to that of a filter and the term "living filter" has
been coined to describe the renovation of liquid wastes by the soil mantle
and associated vegetation ( Kardos,l967; Kardos gt El, 1968). The pri—
mary processes involved are filtration, ion-exchange, adsorption, pre-
cipitation, chemical and biological oxidations and reductions, and ion
uptake by plants. Those waste constituents which are of primary import-
ance to water quality and which are removed with varying success by
the soil "living filter” are suspended solids, organic compounds,
nitrogen, phosphorus, heavy metals, certain other inorganic ions, and
various pathogens.
The different modes for applying of wastewaters to land treatment
sites have been discussed briefly in the previous section (3.5). Like-
wise, there are distincly different methods of applying and incorporating
liquid sludges (White et a1, 1974). Each of these approaches differ
regarding the manner in which the waste constituents will interact with
the living filter. Yet the basic mechanisms of renovation ramains the
same.
-24-

















































































































































































































































































hydraulic conductivity can be reduced by soil clogging. This clogging
is a physical clogging of the soil pores with suspended materials and
microbial cells associated with organic overloading and prolonged an-
aerobic conditions
(Jones and Taylor,
1965; Thomas 23 31,
1966;
McGauhey and Krone, 1967).
Soil clogging is not severe in land treat-
ment systems managed to maintain aerobic conditions through inter-
mittent application practices.
3.6.2 Removal of organic matter
One of the most significant functions of the microbial component
of the soil filter is the degradation of organic compounds initially
entrapped and adsorbed by the soil matrix. The decomposition of waste-
water organic compounds in soil treatment systems have been discussed
by Walcott (1972)
and Miller
(1973 a & b), the decomposition of septic
-25-




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 and sludges are organic and ammonium nitrogen, although nitrate nitrogen
may be present in some effluents (Pound and Crites, 1973). The initial
reactions at the time of waste application to soils is the adsorption
of organic nitrogen compounds (both soluble and partiulate) by physical
and chemical processes, and the adsorption of ammonium ions on the
cation exchange sites.
Following adsorption a portion of the organic nitrogen will be
mineralized to amonium nitrogen. The extent of mineralization will be
dependent upon the carbonznitrogen ratio of the waste and the resistance
of the organic nitrogen compounds to microbial activity. If the soil
has remained aerobic, the mineralized ammonium nitrogen as well as any
ammonium initially present will be rapidly converted to nitrate nitrogen.
Adsorption and utilization of this nitrate by an actively growingagronomic
crop or by forest vegetation is extremely important for the success of
the soil filter. The significance of biological denitrification in land
treatment systems for effluents and sludges, or in septic tank adsorption
systems is not known with a great deal of prazision. Estimates of nitrogen
losses through biological dentrification based on greenhouse and lysimeter
studies have averaged 15 percent (Allison, 1955). Larger losses up to
40 percent have beenproposed in recent wastewater management studies to
assure a favorable nitrogen balance (U.S. Army Corps of Engineers Waste-
water Management Studies for Chicago Detroit and Southeastern Michigan
and Cleveland-Akron and Three Rivers Watersheds). High moisture conditions
and intermittent soil saturation would favor oxygen depletion and increas-
ed dentrification if a readily available source of decomposable organic
matter is present. Biological dentrification could probably be increased
by appropriate management of the land treatment system.
For a review of the numerous reactions relative to nitrogen reno-
vation within land treatment systems see Hinsely §£_al_(l97l), Walcott
(1972), Broadbent (1973), Miller (1973 a &b), and Lance (1973).
3.6.4 Phosphorous
Phosphorus will be present in secondary effluent (10 mg/l) primar-
ily as orthophosphate; as the condensed phosphates, meta and polyphos-
phates; and as organic phosphate.
Sewage sludges normally contain high
concentrations of phosphorus (0.7-3.9 percent). Although the chemical
identity of sludge phosphorus has not been determined it probably
corresponds closely to that of secondary effluent.
There are three primary mechanisms which are important in phosphorus
renovation within the soil "living filter". The first mechanism, crop
removal can be expected to remove about 9.1 to 13.6 kg/ha (20 to 30 lbs./
acre) of phosphorus per year (Parizek et al, 1967).
At this rate of plant
removal, a modest application rate of about 1028 to 1542 m
(10-15 acres-
in) of secondary effluent with the normal level of phosphorus would
supply the phosphorus needed by the crop.
Crop removal would represent
 












































































































































































































































































































































































































































































































concetrations of Fe and Mn will be added with wastewaters and sludges.
However, since Fe and Mn are very abundant in natural soils, the add-
itions may not cause any Specific or unusual problems. Iron and manganese
will form highly insoluble oxides and hydroxides in well oxidized soils
at neutral pH values. At low pH and under reducing conditions they can
be solubilized and become mobile as Fe2+ and Mn +. This increased mobility
can result in the formation of rather impervious iron and manganese pans
in soils as well as deposits of inorganic hydroxides and microbial tissue
which may plug tile drains. It is very important therefore, that land
treatment sites be managed to assure adequate pH control and well drained
conditions within the profile.
For further information and detail on the reactions of heavy metals
in soils see Knezek (1972), Leeper (1972), Ellis (1973), Chaney (1973),
Page (1973), and Lindsay (1973), and Ellis and Knezek (1972).
3.6.6 Boron and other dissolved solids
Wastewaters and sludges will add rather large concentrations of
soluble salts mainly Na+, K+, Ca2+, C1-, SO 2', HCO '. As discussed
previously nitrification reactions in soils will also normally result
in the presence of N03-
The cations Na+, K+, Ca2+ and Mg2+ will exchange with those al-
ready on the soil exchange sites. Since Na is frequently a dominant
cation in wastes, both industrial and municipal, Na may initially
displace divalent cations held on the soil exchange complex. Eventually
and rather quickly ( in a few years) in non-calcareous soils the ions
on the exchange complex willreach an equilibrium with the ionic distri-
bution of the wastewater or sludge being added. After this equilibrium
is reached the drainage water from soils receiving continued application
of wastewaters will have a concentration of these cations similar to
that of the applied wastewater. The amount of salts moving through soils
to which sludges have beenapplied will depend on the quantity of excess
water in the soil, whether from the sludge or rainfall, after evapotrans-
peration losses. Whether the accumulation of these ions in ground or
surface water supplies will present a problem will depend upon their
distribution in the waste, the initial water quality, degree of dilution
in groundwater or surface waters, and the established water quality
standards.
Sodium ions may also adversely affect soil permeability, of con—
siderable significance in effluent renovation on land where watermove-
ment into the soil is extremely important. Fine textured soils, high in
expandable clays are particularly susceptible, because they swell appreci-
ably as the exchangeable sodium percentage increases. Sodium adsorption
ratios (SAR) have beenused for a long time to evaluate the possible
hazzards of irrigation water, and would be an applicable guide for waste-
waters (Ellis, 1973).
Boron present as H33033 is a Special concern for land
-29-
  










































































































































































































































































































































































































































































































































































































4) and aerosol transfer of pathogens during irrigation. Of the four
areas listed above, the soil filter is of particular significance in
the first two.
The initial soil reactions influencing the removal of pathogens
from liquid wastes are physical entrapment and chemical adsorption
by the soil, primarily at the soil surface (See Section 3.6.1). Once


















indicate a rather rapid die back of coliforms and bacterial pathogens
reaching the soil so that the long term hazard to ground water or
surface waters is considered minimal (Rudolfs,g£ 31,1950; Van Donsel,















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 which combines 'open space' and recreational considerations with such
management.
Section 201 3g} (2)contains a provision which requires that any
municipality or agency constructing, or planning new, remodeled or ex-
panded treatment facilities will not receive grant funds unless they
have reviewed appropriate wastemanagement alternatives and chosen "the
best practical waste treatment technology over the life of the works".
Land treatment systems will compete favorably in many circumstances as
the best practical waste treatment technology .
Section 212, which covers definitions, specifically authorizes
site acquisitions of the land that will be an intergral part of the
treatment process or is used for ultimate disposal of residues result-
ing from such treatment. This provision will allow land used for land
treatment to be an eligible cost in the grant. Conversely it will not
allow the land upon which a conventional secondary treatment plant is
located to be an eligible cost. ‘
4) Land treatment of wastes is a process which can recycle water
and significant waste constitutent such as carbon, nitrogen and phos-
phorus. Besides meeting societies newly acquired conceptual goal of
recycling of all resources whenever possible, agriculture would benefit
from the nitrogen and phosphorus present in wastes. Both of these nu-
trients may be in future short supply.
5) In this period of concern for energy usage and availability,
the energy requirements associated with land application techniques may
be substantially less than other means of waste treatment. 0f the pro-
posed alternatives, land treatment will require, the greatest amount
of electrical energy, but the total energy requirements for most ad-
vanced and tertiary treatment proposals are high in comparison.
3.7.2 Factors presumed to negatively influence land treatment
activities.
1) The requirements of the 1972 amendments to the Federal Water
Pollution Control Act are so firm on the subject of monitoring that
quality surveillance and control and a rigid program of reporting ef-
fluent quality will probably be enforced by Federal and State regulation
agencies. The greater trouble and costs associated with this surveil-
lance might actually result in the abandoment of some existing land
treatment areas. In addition, additional controls could limitthe accept-
ability of the land treatment concept for communities in the planning
stage for new or expanded facilities. Septic tank and soil infiltration
systems remain the most popular method for individual dwelling waste
treatment. At the present time there is a great deal of effort being
expended to provide adequate regulation of these systems and reduce
their obvious pollution hazard. Regardless of whether this takes the
form of land use legislation which restricts the soils utilized, or in
the requirement more careful monitoring of their operation these re-



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 application. Finally, it should also be recognized that there may be
some industrialfﬂudges, or municipal sludges containg large industrial
imputs, that cannot be safely applied to land. Any attempt to do so
would be extremely hazardous.
If the projected operation of land treatment systems appear tech-
nically sound (with respect to pollution) the projected verbalization
of this optimism is no
less enthusiastic. Bahr, £5 a; (1972) of
Michigan State University in their evaluation of the Wastewater Manage-
ment Alternatives for Southeastern Michigan grouped eight waste treat—
ment alternatives in terms of their effectiveness in improving stream
conditions in Michigan and Lake Erie based on their efficiencies for
removal of toxic materials and biostimulants. The land treatment alter-
native was considered to perform best according to these criteria and
thus ranked the highest. From an ecological standpoint, land application
of sludge was considered a better alternative than incineration. The
recycling of sludge components was considered as the most desirable
aspect of this approach.
A similar conclusion was derived by the consultants concerned with
the development of the Cleveland-Akron and Three Rivers Watershed Waste-
water Management systems in Ohio. The ecological impact summary (U.S°
Army Corps of Engineers, Wastewater Management, Study for Cleveland-
Akron Metropolitan and Three Rivers Watershed Areas, Summary Report,
1973) indicated only positive ecological impacts of the land treatment
alternatives with regard to pollutants. Dr. Ira Whitman, Director of
the Ohio EPA was also enthusiastic about the effectiveness of the land
treatment alternatives presented in this study. He responded that
"After reviewing the Corps study, I believe I would have little hesitation
in
reviewing proposals for land disposal of adequately treated wastes
from communities of less than 100,000 population in the same way I would
review any other waste
treatment
plant design".
3.8.2 Use of land for renovation of effluents and sludges from
individual hometreatment systems.
While the environmental impact of properly designed land treatment

































resulting in environmental pollution of groundwater and surface waters
is all too frequent ( Bouma, E; El, 1972; Welker, 1974, Winneburger,
1972; Thomas, 1973). In many cases direct byhpass of the soil to drainage
ditches or small streams and lakes has been the answer to a poorly




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 the federal legislation certainly provides an opportunity for the con—
sideration of the land treatment alternatives Dr. Ira Whitman, Director
of the Ohio EPA, in response to the recent Corps of Engineer Wastewater
Management Study for the Cleveland—Akron and Three Rivers Watershed
areas (Summary Report,1973) has shown a favorable attitude to land
treatment systems for cities with a population less than 100,000. The
Ohio EPA has the authority to approve or disapprove individual plans
for such treatment systems and are presently actively engaged in such
activities.
Pennsylvania-At the present time no regulations exist specifically
related to the use of land treatment for wastewaters and sludges. The
Department of Environmental Resources has developed guidelines for spray
irrigation of liquid wastes (Pennsylvania Spray Irrigation Manual,
1972) which is the most complete document of its kind available among
the states within the basin. A new program to require permitsof all
spray irrigation installations is being implemented by the Bureau of
Water Quality Management of the Pennsylvania Department of Environ-
mental Resources (Rhindress, 1973).
Wisconsin-Wisconsin statutes also do not deal specifically with land
treatment. No statements of formal or informal policy for land treat-
ment was available from the Department of Natural Resources or Board
of Public Health. Since a number of land treatment sites, both municipal
and industrial, effluents and sludges are being operated, the State is
considered to have a favorable orientation to land treatment systems.
Some regulations related to the design and installation of
individual family dwelling sewage systems have been developed. For
example, the Wisconsin State Board of Health (1969) regulations and
sections of the Ohio Revised Code attempt to provide guidance in this
important area. Another frequently used source of information has been
the Manual of Septic Tank Practice of the U.S. Public Health Service.
Unfortunatley, a great deal of authority has been vested in each local
districts Board of Health. Because of this authority the design of home
sewage systems and final effluent disposal requirements differs from
area to area, throughout the region. In some areas control is nonexistent
or poorly enforced. This fragmentation of authority is one reason that
land treatment systems for individual home sewage systems are often
malfunctioning and sources of environmental pollution.
 
3.9.2 Nature of new programs required to meet water quality
objectives.
The United States-Canadian Great Lakes Water Quality Agreement
of 1972 Federal Water Pollution Control Act Amendments have the goal of
eliminating the discharge of pollutants into navigable Waters by 1985.
These agreements and laws as well as other Federal laws and regulations
on land, water, and air quality; public concern about the total environ-
ment; and potentially large Federal grant funds for waste treatment
technology has stimulated the Federal government to be actively interested






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NATURE AND AVAILABILITY OF TECHNOLOGY TO COPE
WITH POLLUTION PROBLEMS
Pollution problems associated with existing municipal and industrial
land treatment systems have been difficult to determine since few of them
have been rigidly monitored (See section 3.4 and 3.8). The best judgment
at this time would suggest that the impact of these installations on the
water quality of the Great Lakes Basin has been negligible. The majority
of published opinions would also suggest that any future pollution prob-
lems will also be negligible, even though the number of installations
within the basin will probably increase dramatically ( See Section 3.8 ).
Proponents of land treatment systems argue that we presently have
the necessary knowledge and technology to properly design and manage
land treatment systems to prevent environmental pollution. Newly designed
and constructed systems have incorporated the knowledge of many disciplines
e.g. geology, hydrology, climatology, agronomy, microbiology, and economics
to minimize environmental hazards. Yet the discussions carried out and
reported in the proceedings of a recent workshop (EPA,USDA, NASULGC, 1973)
emphasizes that basic information and additional technology are still need-
ed in some very significant areas, e.g. heavy metal interactions in soils
and plants, nitrogen transformations in soils, survival and movement of
viruses, etc. At the present time knowledge is expanding rapidly and
should continue to improve in the next decade as additional research,
demonstration, and monitoring programs reach fruition.
Large numbers of existing individual home sewage treatment systems
utilizing soils for effluent treatment are subject to failure (See
Section 3.8 ) and the impact on ground and surface water quality is
considered locally severe. Yet, although the failures are often documented,
their collective pollution impact within the Great Lakes Basin has not
been estimated, and is not readily amenable to study. The primary reason
for failure is poor soil properties which make it impossible for long
term renovation of effluents. No-existing technology or design can
successfully overcome these adverse soil properties. For this reason
large areas of the Great Lakes Basin are in need of an alternative
technology for individual home sewage systems which do not involove soil
renovation. The direction and inforcement of future legislation will




NEED FOR NEW RESEARCH,
DEMONSTRATION OR MONITORING PROGRAM
6.1 Gaps in knowledge pertaining to the successful use of land for
treatment of liquid wastes (1973 and 1976)
There is already available a considerable accumulation of infor-
mation from research and experience which is useful in designing and
managing effective land systems for treatment of most municipal and
industrial wastes (both effluents and sludges). This is eSpecially
true for the smaller communities and industries (pop. equiv. to 100,
000 or less) where relatively small land areas and light application
rates are involved.
We are not as fortunate when we consider septic tank systems or
individual home waste treatment systems. Problems in operation and en—
vironmental pollution still exist with little overall movement to
correct the problem. In actuality it may not be the problem of not
understanding the technological principles involved in designing and
managing individual home treatment systems which results in the re-
calcitrant problem. Rather it may be a lack of legal control, adequate
inforcement of existing regulations and poor land use planning which
make ground and surface water pollution from individual home treatment
systems the persistent problem that it is.
Research needs in the area of land treatment of liquid wastes will
be noted in the following paragraphs. Please note that the type of re-
search needed in the future is that which will help us refine our
original estimates of the expected longivity and associated pollution
hazards of land treatment systems. Such refinement in our knowldege
may well result in marked reductions in the construction, operation,
and monitoring costs of land treatment systems and make them increas-
ingly cost effective. Refinement of our understanding of the myriad of
physical, chemical and biological reactions influencing the renovation
of potential pollutants should also result in increased public accept-
ance of land treatment as a waste management alternative. Both of these
points could bring about increased use of land treatment by larger
metropolitan areas and plan a significant role in future land use plann-
ing e.g. reduce urban sprawl, greenbelts, etc. throughout the United
States (Davis, 1973). At the present time, there is a great amount of v
research being conducted and numerous demonstration grants throughout
the United States and the Great Lakes Basin dealing with land treat-
ment of liquid wastes. Progress will be made in the next two years but
it is doubtful if all of the questions raised will be answered by
1976. Unfortunately the data needed relates to long term effects of



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 that effective day to day disinfection of effluents may be limited by
human and mechanical failure. Methodology thus needs to be developed
to improve the techniques utilized for disinfection supported by tech-
niques for detecting low levels of pathogens (particularly viruses) in
large volumes of effluent. Furthermore, if we do assume that at least
some potential pathogens are still viable in secondary effluents trans-
ported to the treatment site, we must concern ourselves with the dis-
persion of pathogens in aerosols produced by spray irrigation; with
the mechanisms by which pathogens survive or are eliminated from
soil, plants and water; and with the movement of pathogens through the
soil. We have very incomplete information relative to all these concerns.
Movement of inorganic ions - Heavy metals such as Ni, Cu, Pb, Zn,
Hg, Cr, and Cd are often considered to be major long term constraints
to land treatment of wastes. Since approximately two-thirds or more of
the metals of the original sewage or industrial influents will occur in
the treatment sludges rather than the effluents, the research needs in
this area will be discussed in the "sludge"section.
There are a number of other inorganic wastewater constituents such
as the cations Ca2+, Mg2+, K+, Na+ and anions such as 804—, BO3=, and
Cl' which will move through the soil filter with little renovation (See
Section 3.6.6). Although none of these are considered highly toxic,
their accumulation in ground or surface water supplies over a long
period of time may result in an unacceptable increase in Total Disssolved
Solids (TDS). Such increases might restrict the use of this water as a
source of pottable water, or limit its industrial uses. Decisions must
be made as to what level of TDS is acceptable after land treatment of
effluents. Unacceptable levels of one or more of these constitutents
must be identified so that land treatment is terminated or that steps
are taken to remove or reduce the concentration of the undesirable con-
stitutent. We have little information on what to base our decisions at
the present time.
Organic compounds - Municipal and industrial waste effluents con-
tain varying concentrations of a variety of organic compounds which
are potential environmental toxins. Among the compounds frequently
found are phenolic compounds, the chlorinated hydrocarbon pesticides
and chlorinated biphenyls, detergent residues like ABS and NTA, pet-
roleum products etc. The concentration of any one of these compounds
which would reach the soil during land treatment of secondary effluent
would probably be low. However, certain industries might be expected
to have waste materials which would be totally unacceptable for appli-
cation to soils without polluting ground or surface water supplies or
destroying the existing vegetation. The groups of organic compounds
which could be serious problems are chemically diverse and few general-
izations on soil adsorption and micorbial degradation or detoxication
in soil can be made at this time. Although these organic compounds can
not normally be considered a major constraint to land treatment of
effluent, continuing research must be conducted to insure that our
ground and surface water supplies are not reduced in quality.
-53-
 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.1.3 Septic tanks and other home sewage systems.
Problems associated with home sewage systems are most often assoc-
iated with faulty installations (soils problems or poor construction)
rather than an inherent problem in design. Therefore the research which
needs to be done must develop the criteria and methodology necessary to
determine what soils can accept wastes and which soils cannot be used.
Alternate systems of waste treatment not involving land treatment must
be developed for those areas where soils are unfit for conventional
home sewage installations.
6.2. New studies required to define the problems remaining.
Considerable effort has been expended (see Proceedings of Joint
Conference on Recycling Municipal Sludges and Effluents on Land,
Champaign, 111., July, 1973) and will continue to be expended (plans
for a Ohio Basin workshop on Recycling Urban Wastewater on Land, in
March, 1974) to delineate what research is needed for the successful
utilization of land as an alternate system for treating wastes. This
interest along with the research, demonstration, and monitoring effort
already underway should result in the early solution of many of the
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GREAT LAKES-UPPER MISSISSIPPI BOARD
ADDENDUM N0. 2
TO RECOMMENDED STANDARDS FOR SEWAGE WORKS
(1968 EDITION)
APRIL 1971
GROUND DISPOSAL OF WASTEWATERS
Interest has been expressed in the development of guidelines
for engineering review of proposed projects for ground disposal of
wastewaters.
There are apparently relatively few known large-scale installa-
tions of spray irrigation systems and very limited data available
within the 10 GLUMRB states.
The protection of groundwater and surface resources is the major
concern in the development of guidelines.
However, quality of ground-
water discharged to surface waters also must be considered the water
quality criteria.
Practices must be established which will prevent wastes of any
nature from being introduced into the fresh groundwaters which will
so change their characteristics as to make them unsuitable for
potable water Supply or other present and future usage.
The priority of the water usage is subject to the jurisdiction
of the appropriate state and local regulatory agencies.
Preliminary Considerations
Ground disposal installations are normally used where the waste
contains pollutants which can successfully be removed through dis-
tribution to the soil mantle.
These pollutants can be removed
through organic decomposition in the vegetation-soil complex and by
adsorptive, physical, and chemical reactions with earth materials.
Preliminary considerations of a site for ground disposal should be
the compatibility of the waste with the organic and earth materials
and the percolation rates and exchange capacity of the soils.
The
ground disposal of wastewater will eventually recharge the local
groundwater; therefore, the quality, direction and rate of movement
and local use of the groundwater, present and potential, are prime
considerations in evaluating a proposed site.
It is essential to maintain an aerated zone of at least five
feet and preferably more, to provide good vegetation growth
condi-
tions and removal of nutrients.
It must be realized a groundwater
mount will develop below after it is in use.
The major factors in
design of ground disposal fields are topography, soils, geology,
hydrology, weather, agricultural practice, adjacent land use and
equipment selection and installation.
Design Report
The design report shall include maps and diagrams as noted
below.




















































































































































































in % mile of the project boundary.
(3) All water supply wells which mightbe affected shall be
located and identified as to uses; e.g., potable, industrial,
agricultural, and class of ownership; e.g., public, private,
etc.
(4) All abandoned wells, shafts, etc., shall be located and
identified. Pertinent information thereon shall be furnished.
Geology
(1) The geologic formations (name) and the rock types at the
site.
(2) The degree of weathering of the bedrock.
(3) The local bedrock structure including the presence of
faults, fractures and joints.
(4) The character and thickness of the surficial deposits
(residual soils and glacial deposit).
(5) In limestone terrain, additional information about solution
openings and sinkholes is required.
(6) The Source of the above information must be indicated.
Hydrology
(l) The depth to seasonal high water table (perched and/or
regional) must be given, including an indication of seasonal
variations. Static water levels must be determined at each
depth for each aquifer in the depth under concern. Critical
slope evaluation must be given to any differences in such
levels.
(2) The direction of groundwater movement and the point(s) of
discharge must be shown on one of the attached maps.
 
 (3) Chemical analyses indicating the quality of groundwater at
the site must be included.
(4) Indicate the source of the above data.
(5) The following information shall be provided from existing
wells and from such test wells as may be necessary:
(a) Construction detail&~where available: Depth, well log,
pump capacity, static levels, pumping water levels, casing,
grout material and such other information as may be perti-
nent.
(b) Groundwater quality: e.g., nitrates, total nitrogen,
chlorides, sulphates, pH, alkalinities, total hardness,
coliform bacteria, etc.
(6) A minimum of one (1) groundwater monitoring well must be
drilled in each dominant direction of groundwater movement and
between the project site and public well(s) and/or high capacity
private wells with provision for sampling at the surface of the
water table and at five (5) feet below the water table at each
monitoring site. The location and construction of the monitor—
ing well(s) must be approved. These may include one or more of
the test wells where appropriate.
Soils
(l) A soils map should be furnished of the spray field, indicat-
ing the various soil types. This may be included on the large-
scale topographic map. Soils information can normally be
secured through the USDA Soil Conservation Service.
(2) The soils should be named and their texture described.
(3) Slopes and agricultural practice on the spray field are
closely related. Slopes on cultivated fields should be limited
to 4% or less.
Slopes on sodded fields should be limited to 8% or less. For-
ested slopes should be limited to 8% for year-round operation,
but some seasonal operation slopes up to 14% may be acceptable.
(4) The thickness of soils should be indicated. Indicate how
determined.
(5) Data should be furnished on the exchange capacity of the
soils. In case of industrial wastes particularly, this inform-
ation must be related to special characteristics of the wastes.
(6) Information must be furnished on the internal and surface
drainage characteristics of the soil materials.
(7) Proposed application rates should take into consideration






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































within the soil mantle. Proposed application rates will not be
accepted Without substantiating data.
In general, sufficient monitoring controls should be provided to
indicate the degree of efficiency with which the sprinklers are work-
ing. A pressure gauge and flow meter should be provided.
Runoff
The system shall be designed to prevent surface runoff from
entering or leaving the project site.
Fencing
The project area shall be enclosed with a suitable fence to
preclude livestock and discourage trespassing. A vehicle access gate
of sufficient width to accommodate mowing equipment should be pro-
vided. All access gates should be provided with locks.
Warning Signs
Appropriate signs should be provided along the fence around the
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1 . 1 Introduction
Pollution of Great Lakes waters by solid waste disposal areas is presently
a problem and can become a more serious problem in the future. With the increase
in urban development in the basin, the resulting waste to be disposed of will also
increase. Moreover, landfills are becoming increasingly popular as a means for
such disposal. The objective of this report is to assess the present pollution
hazard as well asthe potential for future pollution. In addition, the technological
and legislative aspects of pollution control are reviewed.
1. 2 Summary of Findings and Conclusions
(1) access to the literature in this field is quite good due to extensive
annotated bibliographies
(2) contamination of Great Lakes waters can occur by three indirect
mechanisms: ﬂow of polluted groundwater, ﬂow of landfill gases,
and airborne transport
(3) mathematical models for quantifying transport are currently under
development and should be available in the near future
(4)
only limited data are available from monitoring of pollutant trans—
port around landfills
(5) the regional potential for pollution in the Great Lakes basin can be
evaluated semiquantitatively based on regional geology and regional
climatic data such as rainfall and wind
(6)
natural renovation mechanisms simply delay pollution transport
and should not be relied upon; pollutants should be intercepted at
the landfill
(7)
data on existing landfills in the Great Lakes basin exist but, in
general, are not readily available
(8)
all states in the Great Lakes basin have legislation and enforce-





































































































































































































































































































































































































































































































































December, 1973 through July, 1974.
The nature of the problem was clearly defined in the original task state-
ment and, because sanitary landfills are easily defined geographically, they
may be considered as point sources of pollution rather than as diffuse sources.
The approach to the study was to (1) define the distribution of sanitary landfills
within the basin, (2) determine mechanisms for indirect pollution transport, and
(3) delineate other regional parameters such as surface water flow and wind that
contribute to indirect transport.
2. 2 Scope of Study
To determine this information, the literature was reviewed and numerous
personal contacts were made.
2. 3 Study Procedure
Extensive use was made of the following abstracts in reviewing the litera-
ture:
(1) Sanitary Landfill Bibliography, R. C. Steiner and Renee Kantz,
1968 covering 1925 through 1968
(2) Solid Waste Management, Abstracts from the Literature,
U S E P A, for 1964 through 1968
(3) Refuse collection and disposal, An Annotated Bibliography, U. S.
Department of Health, Education, and Welfare, PHS, 1956-57
and 1962-63
(4) Solid Waste Management: Abstracts and Excerpts from the
Literature, U.S. Department of Health, Education, and Welfare,
PHS, 1970.
   
Based on a review of some 225 pertinent papers, mechanisms and incidents
of pollution which applied directly or indirectly to the Great Lakes basin Were
summarized.
In addition regional data pertinent to indirect transport mechanisms were
obtained from the following sources:
(1) Great Lakes Basin Commission, Great Lakes Basin Framework
Study, Appendix No. 3, 1971
(2) Introduction to ﬂydrology, Viessman, Harbaugh, and Knapp, 1972
 
Finally, distribution of landfill sites in the Great Lakes basin was summar—
ized based on response from state agencies. The responses received were as
follows:
(1) Illinois — responded with approximate locations
(2) Indiana - responded with approximate locations
(3) Michigan — responded but locations exist only in unsummarized
card file
(4) Minnesota — no response
(5) New York - responded with approximate locations
(6) Ohio — responded with approximate locations
(7) Pennsylvania — responded with approximate locations
(8) Wisconsin - responded with approximate locations
Information on ongoing research was provided by the US EPA.
 Section 3
REVIEW OF FINDINGS OF PREVIOUS STUDIES
3. 1 General Description of Land Use Category
Contamination of near shore lake waters by landﬁlls will, by definition,
result from indirect processes. The carriers of contaminants will be water or
air. For water to act as a carrier, it must first become contaminated by the
landfill and it then must reach lake waters. The contamination processes may
be:
(1) contamination by surface water ﬂowing through or from landfills,
(2) contamination of water percolating through the landfill and subse—
quently infiltrating into the groundwater regime,
(3) groundwater ﬂowing through landfills, and
(4) gases from landfills dissolving in groundwater.
Once water has become contaminated it may enter the lake waters by any
of the following processes;
(1) direct flow of surface water into the lake,
(2) direct flow of groundwater into the lake, or
(3) simple or complex flows involving contaminated waters leaving
the groundwater regime and becoming surface flow or Vice versa.
For air to act as a carrier of contaminants into the lake waters, it must
first incorporate landfill decomposition gases and it then must contact and dis—
solve in the lake waters. Landfill decomposition gases are principally methane
and carbon dioxide. These gases may either move through the soil surrounding
the landfill or leave the soil around orover the landfill and enter the atmosphere.
Solution of these gases in lake waters may occur either by bubbling if the gas
enters underwater, or by diffusion through the lake water surface. As with
transport processes involving water, transport by air may also involve complex,
multi-step mechanisms.
3. 2 Length of Time Activities in Practice
Disposal of solid waste by landfilling is a very old procedure.
More
mtg—c,
 important, however, is the exponential rate at which the practice of this disposal
method has increased. Furthermore, there are indications that the popularity
of the method will continue to increase.
3.3 Types and Nature of Pollutants Associated with Landfill
Pollutants from landfills may be either liquid or gaseous. The liquid con—
stituents consist of a variety of extremely diverse inorganic and organic com—
pounds. For a review of this subject the reader is referred to Reference 13.
The gaseous constituents consist primarily of carbon dioxide and methane.
Methane forms an explosive mixture when introduced in small amounts in air
and, therefore, constitutes a hazardous pollutant.
3. 4 State-of—the-art in Assessing and Quantifying Problems
The quantification of these problems can be said to be Within the state—of-
the-art but highly involved and very costly. Current research projects should
result in practical models for the prediction of liquid and gas movements around
landfills. However, monitoring of existing landfills in a variety of areas will be
required to verify the models properly.
3. 5 Mobility of Pollutants Within the System
3. 5. 1 Contamination of Groundwater
The qualitative aspects of contamination of groundwater by leaching from
landfills are presented by Engineering—Science Inc. (1961) in California State
Water Pollution Control Board Publication No. 24. In brief, their conclusions
were that contaminants are introduced into the groundwater by infiltration and
percolation, refuse decomposition, gas production and movement, leaching, and
groundwater ﬂow. Leaching is strongly influenced by the amount of surface
infiltration which in turn is affected by the rate of rainfall or water application,
the type of cover on the landfill, and climatic conditions. The authors point out
that transmission of water through the aquifer may be retarded by the high




pointing out that refuse contains abundant inorganic and or-
ganic substances which can potentially pollute groundwater.
Decomposition pro-
cesses involving the organic constituents produce large quantiﬁes of methane and
carbon dioxide gas.
The carbon dioxide is particularly harmful in that it dissolves
calcium, magnesium and iron which may accumulate excessively in the ground-
water.
It is noted that gases may be vented by using permeable landfill covers,
however, this is counterproductive to retarding inﬁltration.
The authors delineate three mechanisms by which contaminants can be trans-
ferred into the groundwater.
First, if the groundwater table is above the base of
the landfill and if the groundwater is ﬂowing horizontally, contaminants may be
leached into the groundwater downstream from the landfill.
Second, percolating
water can leach contaminants vertically into the landfill.
Third, gases may leave
the landfill and contact and thus pollute the groundwater.
Several research projects have
documented groundwater contamination by
leaching in landfills.
While section 4 will delineate related research,
the details
of certain projects will be described here to provide a perspective on the magni-
tude of the problem.
Engineering-Science Inc.
(1961) reported alkalinity,











shown in figure 1, is of an area
having a predominantly southwesterly groundwater ﬂow.
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quality near the refuse dump.
Andersen and Dornbush






located in an inactive
gravel excavation area.
The areal geology showed a 12 to 30 inch layer of sandy
loam or loam overlying 12 to 31 feet (3. 6 to 9. 4 meters) of outwash.
The ground-
water ﬂow,
as shown in figure 2, was










Soil permeabilities ranged from 1 foot/day (. 3 meters/day) to 2000 feet/day
(610 meters/day) due to lensing of soil types.
A

















































































































    
  
 
    
     
        
{I
L 777* _._~
I 80° . MAYFLOWER WELL ANALYSES
I, ’ l
‘ ' I
‘ I .____.o MAYFLowEn WELL—J
$00 I










I; ’r/’ \-‘ ’+' \’
























.— ‘ ‘ ‘1”
o 5 ‘ 1 . ' 1 .
I958 DEC JAN I959 nacJAN I960 DEC JAN
8


















   
   
       
ISOO
I ‘ ‘ j
..‘ i
6 I200 I I ‘ 0° C 4'3”
; I ‘ I ‘ SCALE IN FEET




,. 1 o ‘
I i U ‘
n 900 ; l ‘
0 I I ‘I
E I I I
g ALKALINITY\ I I
l
K i la
“’0 ‘01' CARBON DIOXIDE
. ‘ ‘
I I I I
‘ “H--"'“’ ’1’- ,
I I ‘1 1 I ‘ a
l958 DEC'JAN 1959 Da: JAN I960 03; JAN
  
(from reference 3)






























    
















































































SITE OF FIELD OPERATIONS
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discussed in section 3. 1,
gas
can move




























































































































































































































































































































































































































































































































































































































































































































































































1 foot 2 . 305 meters
(from reference 3)
 
 Bishop et. a1. (1965) describe gas data in a test landfill at the Azusa Rock
and Sand Co. in the San Gabriel Valley in Los Angeles County, California.
The
site was less than one acre and the fill varied from 18 to 25 feet (5. 5 to 7. 6
meters) in three 6 to 7 feet (1. 8 to 2. 1 meters) lifts placed in March, 1962.
Fifty seven gas collection probes and wells were installed in and around the
landfill. Figure 4 shows gas compositions at the bottom of the test fill and
relative concentrations of carbon dioxide in the test fill and in the surrounding
soil.
Enrichment of carbon dioxide was apparent in the surrounding soil.
Engineering—Science, Inc. (1967) describe research on gas flow around a
sanitary landfill at an unnamed community in California. Carbon dioxide, me-
thane, oxygen, and hydrogen gas concentrations were measured.
Figure 5 pre—
sents the results for methane concentration.
Enrichment of methane in the
surrounding soil is apparent.
Movement of gas into the atmosphere can occur by transport through the
cover of the landfill or by transport upward through soils surrounding the land-
fill.
The same principles of movement govern this flow as govern movement of
gases within the soil.
The quantity of gas moving upward
into the atmosphere
relative to the quantity remaining in the soil and/or being adsorbed into the
groundwater depends on the effective permeability ratios of the various soils
involved.





that a high percentage of gas moves into the atmosphere.
3. 5.3 Airborne Transport Mechanisms
Transport of contaminants to lakes by air can be accomplished by two
mechanisms:
(1)
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3. 5. 4. 2 Groundwater Basin









































of the basin through the process of groundwater runoff.




















only within the framework of geologic time, the groundwater basin is defined by
the maximum regional potentiometric head. This maximum head may fluctuate
over short periods of time. Indeed, within significantly short time spans a re-
gional potentiometric maximum may be supplanted by another maximum at a
relatively remote geographic location. Moreover, because in any given geo-
graphic location there may be several independent aquifers, the potentiometric
maxima for the several aquifers are not likely to coincide. The problem of
defining the groundwater basin is further complicated if pumping or recharge
wells are operating.
As a first approximation, the groundwater basin may be taken to
coincide with the surface water basin. However, the reader is cautioned that this
may introduce significant errors. These errors may become critical in regions
where the surface water basin is very near to the lakes.
3. 5. 4. 3 Wind









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The importance of regional geology in this process was discussed in section
3. 5. 4. 2 in general terms. The present section, which draws heavily on the
Great Lakes Basin Framework Study, Appendix No. 3, Geology and Groundwater
(Great Lakes Basin Commission, 1971), delineates particular aspects of the
hydrogeology of the basin pertinent to the present problem.
The Great Lakes basin is underlain by a structural basin of sedi-
mentary rocks which becomes a structural platform extending to the east (see
figure 7). Crystalline rocks outcrop in the eastern and western regions of the basin.
The bedrock is mantled by glacial materials and alluvium derived therefrom (see
figure 8). The galcial deposits consist of unstratified drift (till) and stratified
drift (sand and gravel outwash and glacial lake deposits). Particularly significant
to the present problem are the following observations:
(1) Because the Great Lakes have occupied basins in the geologic
past larger than they presently occupy, fine grained glacial
lake deposits compose much of the shoreline of the lakes.
The implication of this is that the soils on the shores of the lakes
will frequently have low permeabilities because of the fine grained nature of the
glacial lake deposits. These deposits are delineated on a broad scale in figure
8 and the reader is referred to figures 3—8, 3-10, 3—14, 3-17, 3-21, 3—24,3-31,
3—36, 3-41, 3-43,3—47, 3—50, 3-54, 3-56, and 3—58 in Great Lakes Basin Commis—
sion (1971) for more detailed maps. Reference to these figures shows the following
areas to be £191 covered by glacial lake deposits:
(1) the western tip of Lake Superior
(2) the western shore of Lake Michigan south and east of Green
Bay
(3) parts of the east shore of Lake Michigan
(4) the southwest shore of Lake Erie
(5) parts of the east tip of Lake Erie
(6) several other highly localized areas.
Though the above listed areas may represent exceptions, in general
the soils which compose the margins of the Great Lakes may be expected to be rela-
tively impermeable and act as natural barriers to protect the lakes from direct in—
ﬂow of groundwater.
(2) Alluvium derived largely from reworked glacial drift lies in















































































































































































































































































































































































































































































































































































































































































The implication of this is that the soils in the valleys of rivers and
streams ﬂowing into the Great Lakes may have alluvial deposits of varying thick-
ness. These deposits may extend to the stream mouths and merge with littoral
beach deposits. Such deposits are highly permeable to ﬂow of water and/or gas.
They possess a high potential for contamination of lake water both directly and
through stream base ﬂow. Thus they should be avoided as landfill sites. More-
over, because these areas are likely to have high groundwater tables, the base of
landfills could easily become ﬂooded, thus facilitating the contamination of the
groundwater.
In addition to the purely geological considerations outlined above,
hydrological data can be used to assess the potential for pollution of lake waters
by landfills. In its Appendix No. 3, the Great Lakes Basin Commission (1971)
presents maps which estimate potential groundwater yield based on determining the
base runoff from stream ﬂow-duration curves. The base runoff is taken to be a
good indicator of the capacity of the aquifers in the vicinity of the streams to yield
water. Because these maps directly indicate regional base runoﬁ, they provide a
means for evaluating the pollution potential of landfill sites. Thus areas with high
base ﬂows (high potential groundwater yields) may be potentially hazardous for
landfill sites. The subject maps are reproduced in figures 9 through 13.
3. 5. 5. 4 Climatological Factors
The potential for contamination of Great Lakes near shore waters is
also inﬂuenced by climatological factors.
1.
Rainfall is significant in that it provides water for percolation
into landfills and subsequent surface runoff or infiltration into
the groundwater regime.
Figure 14 presents average annual
precipitation rates.
2.
Infiltration rates determine the amount of surface water that




tion through landfills is, of course,
determined by the type of
cover on the landfill and not by the inﬁltration properties of
the regional soils.
However,
water infiltrating the ground
surrounding
the landfill may
percolate into the landfill.
Thus
average infiltration rates as shown in figure 15 are useful
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DRAINAGE BASINS OF THE GREAY LAKES
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for degradable organic pollutants.
3. 7 Probable Changes in Land Use Activities





























































There are several deficiencies in these data. First, the state and federal
agencies do not maintain records of sufficient detail to evaluate the impact of
these fills on water quality. Mr. John Connally, Technical Information Officer
of the Solid Waste Information Retrieval System (SWIRS), indicated the data in
SWIRS were obsolete and fragmentary and recommended that data be sought from



















course, very costly to obtain large amounts of data from normal paper files.
Probably for this reason, Michigan was unable to supply the data requested.
Minnesota did not even respond to the letter requesting it, although, a representa—
tive of the Solid Waste Division of the Minnesota Pollution Control Agency had





















































































































































































































































































































































































Review of Institutional Arrangements to Regulate Land Use
Federal and state legislation and regulations that relate directly to pollu—
tion from the disposal of solid waste are of fairly recent origin.
Prior to the
passage of Public Law
89-270,
The Solid Waste Disposal Act of 1965,
there was
no federal legislation related to solid waste disposal.
The purpose of this act is
to initiate and accelerate a national research and development program
for new
and improved
methods of proper and economic
solid waste disposal,
and to pro-
vide technical and financial assistance to State and Local governments to plan,
develop and conduct solid waste disposal programs.
However,
there are no
federal guidelines included in this Act for the design,
construction and operation












control of water pollution from
all activities,
but does not provide










































































































































































































































































































































activities in the State, and permitted them to establish an annual
licensing program to ensure compliance with these standards.
Chapter 130 of the Wisconsin Laws of 1971 authorized counties to
plan, construct and operate solid waste facilities. It also directed
the Department of Local Affairs and Development to adopt minimum
criteria for the plans submitted by the counties, and authorized the
Department of Natural Resources to review and approve these plans.
More recently, the state legislature has approved the Solid Waste
Recycling Act creating an operating Agency to plan and construct
facilities to recycle waste materials.
Michigan — The Michigan Department of Natural Resources administers
an annual licensing program under the provisions of Public Act 87,
(1965) as amended, for all sanitary landfills operations, transfer
stations, processing plants and hauling vehicles in the state. The
Department attempts to control the pollution of surface and ground
water from existing operations by requiring improvements before
the license is re—issued.
Sites that are proposed for new solid waste disposal facilities are now
reviewed by both the local health agencies, and the Department of
Natural Resources; and geological and engineering information are
required before the site is approved.
91112 — The Technology Development and Resource Recovery Section
of the Ohio Environmental Protection Agency administers the solid
waste program in Ohio under the general provisions of Section 37—34
of the Ohio Revised Code of 1967, as amended. Under regulations
just adopted, the Agency must approve the plans for new solid waste
disposal facilities before they will issue a "permit to instal ". Also
included in these regulations are provisions to conduct a public hearing,
if requested, for all proposed facilities.
Annual licensing of existing disposal sites is administered by local
health departments which have been certified by the OE PA to conduct
these reviews.
Indiana- The solid waste program in Indiana is administered by the
Solid Waste Management Section of the Indiana Board of Health. Under
provisions of the Refuse Disposal Act (IC 1971; 19—2—1) and the Environ-
mental Management Act (IC 1971; 13—7), theBoard of Health is authorized
to approve all solid waste disposal processes prior to the aquisition








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
 Section 4
SUMMARY OF RELEVANT ONGOING OR PROPOSED
RESEARCH,
DEMONSTRATION OR MONITORING PROGRAMS
4. 1 Past Research
The most recent formal summary of research and demonstration programs
is found in:
(1)
Solid Waste Management Demonstration Grant Projects -
1971, USEPA
(2)
Summaries of Solid Waste Research and Training Grants -
1970.
4. 2 Ongoing Research and Demonstration Programs
4. 2. 1 Pollution by Leachates
Information on current programs, particularly as they relate to the Great
Lakes Basin,
has been obtained from Mr. Dirk R. Brunner,
Senior Research
Sanitary Engineer, Solid and Hazardous Waste Research Laboratory, USEPA.
The following is quoted from Mr.
Brunner's letter of January 2, 1974 in response
to our request:
"Landfill-oriented research since 1971 is not summarized in the publications
being sent.
Therefore, the following is provided as a brief update.
More specific
information is available on request.
"The start of a federal research program evaluating the sanitary landfill
method is not clear but might start with the Merz and Stone work of the 60's.
This research grant was a potpourri of studies evaluating sanitary landfills in the
southern climate of California.
Particular emphasis was
placed on landfill gas
concentration and production, initial evaluation of an aerobic sanitary landfill,
and limited leachate and other landfill related work.





"The sanitary landfill method wasmore recently studied under humid,
temperate conditions by Fungaroli,




some reports of their continuing work. The significance of this project is that
leachate is shown to be a highly contaminated, though small volume wastewater,
even if the best principles of sanitary landfilling are practiced. The volume of
leachate is, of course, dependent on the net infiltration through cover soil when
the waste is deposited above groundwater. This work is continuing but will ter-
minate in June 1974.
"The northeastern Illinois study by Hughes, et. a1. , also verified leachate
production and strength, demonstrated a tendency for groundwater mounds to
form under sanitary landfills, and showed that soil can act as an effective
cleansing agent for permeating leachate or leachate contaminated groundwater.
This observation was also made by Anderson, Dornbush, Langmuir, and Pari—
zek at Pennsylvania State University. Insufficient quantitative data exists, how-
ever, to predict the performance of specific soils.
"There was a lack of data concerning leachate treatment and attenuative
capacity of soils. To alleviate this, a research grant to Robert Ham at the
University of Wisconsin, and a research contract with Ed Chian at the University
of Illinois were awarded to investigate leachate treatment. The study of attenua—
tive capacity of soils was split and awarded to the University of Arizona and the
Illinois Geological Survey. Results to date indicate that biological treatment of
leachate is most practicable. Both aerobic and anaerobic processes perform
satisfactorily. Leachate can be treated in a domestic wastewater activiated
sludge plant so long as leachate represents less than 5 percent of the total flow.
Phosphorus tends to become limiting at higher percentages of leachate. Physical
and chemical treatment methods have been found to be inadequate for treating
raw, fresh leachate, but will probably be very useful for polishing of biologic
efﬂuents and treating old leachates where necessary.
"No significant accomplishments have been made with the attenuation in
soils work. Experimental facilities are just now operational; significant data is
anticipated in the next few months.
"A slightly different twist in traditional sanitary landfill design was provided
by Fred Pohland of Georgia Tech. He is currently studying the concept of recycling
leachate through the sanitary landfill to accelerate and control the ongoing anaerobic
decompensation processes in the fill. Results look very promising, as the organic
fraction of leachate is reduced to very low levels in less than 1 year. The question
of how to handle the large volumes of leachate during a long-term recycling proce—
dure has not been resolved. "
4. 2. 2 Pollution by Gas
Drs. Moore, Wu, Sandhu and Sykes of The Ohio State University are
currently developing models and applications charts for predicting movements
 of . .
gases around samtary landﬁlls. The work is under EPA sponsorship
37
 
    
Section 5







The technology required to control pollutant transport from landfills draws
gly on technology previously developed for other applications. The steps
red are: '
(1) interception of pollutant
(2) collection of pollutant
(3) handling (recycling and/or decontamination) of pollutant
In order to render landfill operation safe, various types of barriers have
proposed. Among the reasons for imposing barriers have been to:
(l) exclude rodents, ﬂies and other pests
(2) reduce wind blowm refuse
(3) reduce fire hazards
(4) exclude rain water from percolating into the top of the landfill
(5) eliminate groundwater seepage into the sides of the landfill
(6) avoid infiltration of landfill leachate into the ground aroundand
beneath the landfill
(7) reduce movement of landfill gases into the ground and/or
surrounding the landfill.
On the other hand, vents or drains have also been proposed for such reasons
as to:
(1) allow landfill gases to escape to the atmosphere
(2) collect landfill gases for disposal by burning (methane)
(3) collect leachate for proper disposal
38
(4) provide air to the landfill if aerobic decomposition is desired
(5) expell gas and water to allow settlement and consequent densifi-
cation of the landfill so that construction may take place on the
landfill surface
(6) draw down the groundwater level and cause a net flow of ground-
water toward the landfill on all sides irrespective of the regional
groundwater flow pattern.
Barriers, vents and/or drains are seldom mutually compatible, and the
landfill designer is frequently faced with conﬂicting design considerations which
must be reconciled.
Technology for handling contaminants consists of one or more of the
following:
(1) recycling contaminants through the landfill to accelerate decompo-
sition
(2) reclamation of such by-products as methane for secondary use
(3) treatment of contaminants in special purpose or existing treatment
plants to effect decontamination.
5. 2 Practice of Technology
Present and impending legislation will have the effect of forcing the use of
appropriate technology in designing and operating landfills. Many examples of
proper operation of landfills exist and essentially all proposed operations must
comply with appropriate standards.
5.3 Range and Effectiveness of Management Technology
It is in this area that the major problems arise. While an adequate technology
exists, its implementation imposes major political and economic problems. Pre-
viously little or no control was used in many landfill operations. As a result, land—
fill operators have almost no experience upon which to draw. Moreover, minimal
budgeting is available to institute control measures. Modern technology requires
a significant initial financial investment both in the planning stages (where the
return on investment may be zero) and in instituting seals, collection systems and
effluent treatment facilities. Political pressures against such investments can be
3 9 1















































































































































































































































































































































































































NEED FOR NEW RESEARCH,
DEMONSTRATION AND MONITORING PROGRAMS
Because technology has not been previously extensively applied to landfills,
problems may be encountered in new controlled facilities. Thus the major current
requirement is for careful monitoring of the performance of controlled landfills.
Moreover experimentation in the effectiveness of various, modifications in opera-






































































































































































































































































Study, Appendix No. 3, "Geology and Groundwater, " March,
1971.
8. MERZ, R. C. "Report on the Investigation of Leaching of a Sanitary
Landfill," California State Water Pollution Control Board,
Publication No. 10, 1954.
9. STEINER, R. L. and KANTZ, R. Sanitary Landfill — A Bibliography,
U.S. Department of Housing, Education and Welfare, Consumer
Protection and Environmental Health Service, Environmental
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3. 1. 1 Introduction.
3. 1. 2 Equipment .



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































dredging and open water
disposal is poor at best.
Technology




landfills is presently being developed.
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































REVIEW OF FINDINGS OF PREVIOUS STUDIES
3. 1 General Description of Land Use Activities
3. 1. 1 Introduction
Dredging is defined as the process of removing materials from underwater
and their subsequent disposal. The process includes two operations: (1) excava-
tion of the materials and (2) conveyance to and release of the materials at the
disposal site. Equipment for dredging operations on the Great Lakes are of two
types: (1) mechanical and (2) hydraulic. Dipper and clamshell dredges are mechani-
cally operated, while hopper and pipeline dredges are hydraulically operated.
Mechanical dredging requires auxiliary equipment, consisting of scows and tugs,
to receive the dredged materials and transport them to the disposal site. Hydraulic
dredges combine the digging and disposal operations in one piece of equipment (U.
S. Army Corps of Engineers, 1969).
3. 1. 2 Equipment
3. 1. 2. 1 Dipper Dredges
Dipper dredges are used for heavy duty excavations. Their main
feature is a power operated dipper stick with a bucket at its end which can be moved
forward, vertically and horizontally from boom. This type of dredge is especially
useful for "new work" dredging and breaking up hard compacted material, including
some types of ledge rock. The dredge is held in position by forward and stern
spuds. During operation, the boom is swung around to empty the bucket into a
scow. Rates of dredging depend on the size of the dipper bucket, nature of the
material, and depth of the cut. Rates in the Great Lakes have been reported as high
as 400 cubic yards/hour (306 cubic meters/hour) (U. S. Army Corps of Engineers,
1969).
Dredging operations can be classed in two general categories:
(1) maintenance and (2) new work dredging. MaintenanCe dredging comprises the
removal of soft and easily excavated sediments deposited since the last dredging. It
is generally required annually in the commercially more important harbors and less
frequently in harbors for light—draft recreational craft. New work dredging is




    
of dredging removes materials, ranging from limestone to compacted clays, which
Were deposited in older geologic times. In performing new work dredging some
small amounts of very recently deposited material is also removed. New work
dredging is performed by the Corps of Engineers only when authorized and funded
by Congress. -
3. 1. 2. 2 Clamshell Dredges
Dredges of this type consist of a clamshell bucket suspended by
cables from a forward extending boom which can swing about the bow of the dredge.
Clamshell dredges are most commonly used to excavate soft or cohesive under-
water materials. They are especially useful for deep digging and for dredging in
close quarters alongside structures. Maintenance dredging in winding river channels
is usually done with clamshell dredges. Spuds or anchors are used to position and
maneuver these dredges. Like dipper dredges, the dredged material is usually
loaded onto a scow. Large clamshell dredges with 12 cubic yards (9. 2 cubic meters)
buckets excavate up to 400 cubic yards/hour (306 cubic meters/hour) when exca \rating
soft, light-weight material. Approximately 20 percent of all dredging done in ti 1e
Great Lakes is accomplished by clamshell dredges (U. S. Army Corps of Engineers,
1969).
3. 1. 2. 3 Pipeline Dredges
Pipeline dredges excavate bottom materials with a revolving
cutter surrounding the intake end of a suction pipe. The cutter and suction pipe are
mounted on a ladder frame hinged at the forward end of the dredge for vertical
movement. A pumping unit sucks up material at the intake end of the suction pipe
and discharges the material through a trailing pipeline to the disposal site. These
dredges are generally equipped with two stern spuds and forward anchors to swing
the hull around one of the stern spuds. By alternately raising each of the spuds,
the dredge excavates transversely across the area to be cut and "walks" for
dredging sandy, clayey, or silty bottoms which have sufficient depths of cut for
economical operation. Generally, these dredges are designated by the diameter of
the discharge pipe; sizes range from small 6-inch (. 16 meter) portable dredges to
mammoth 36-inch (. 91 meter) dredges over 100 feet (30. 5 meters) in length. Pipe—
line dredges usually containtheir own power unit, but some are electrically driven
with shore current. Rates of output depend on many factors: (1) horsepower of the
pumping and cutter head machinery, (2) length of pipeline, (3) elevation of disposal
site, (4) use of booster stations and (5) nature of the material.
  
  



































































































































































































































































































































































































































































































































































































































































































































million cubic yards of annual maintenance dredging on the Great Lakes (U. S.
Army Corps of Engineers, 1969). '
3. 1.3 Corps of Engineers Dredges Operating in Great Lakes


































































































   































































































































PHYSICAL CHARACTERISTICS OF THREE
ARMY CORPS HOPPER DREDGES




































































Hoppers 4 4 8 i
Hoppers, capacity 920 cu. yds. 920 cu . yds. 2, 700 cu . yds.













Total pumping power 410 hp. 410 hp. 2,000 hp. 3
Suction pipe diameter 18 in. 18 in. 23 in.
Suction pipe length 40 R. 60 ft. 54 ft.
Speed, light 14 mph 14 mph 17 mph
Speed, loaded 13 mph 18 mph 14 mph
Ave. Daily performance 10,000 cu . yds. 10,000 cu . yds. 30, 000 cu. yds.
Crew, ofﬁcers & men 43 43 54
Launched 1945 1942 1959 “
Height, keel to bridge - - 65 ft.
Bow thruster - — 150hp. i 1
Power, twin diesels - - 4, 250 hp. each 3
Propellers, 4 blades - — 13 ft. diameter
;
   
Data source: U . S. Army Corps of Engineers, Buffalo District
1 foot = .305 meters
1 inch = . 0254 meters i
1 long ton = 1016 kilograms
1 cubic yard - . 764 cubic meters
1 hp = 746 watts :~
1 mph = . 045 m/sec

















































































































































































































































































































































































































































































































































































































































Army Corps of Engineers, 1971).
3.1.3.4 Hains









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I INDICATES SPOIL DISPOSAL AREA
 
Figure 3. Disposal Areas on Lake Michigan
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I INDICATES SPOIL DISPOSAL AREA
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Figure 5. Disposal Areas on Lake Erie
 


































L A K E E l I I












































In 1967, as part of an experimental study by the U. S. Army Corps
of Engineers (1969) alongshore diked disposal areas were constructed at Buffalo,
New York, and Cleveland, Ohio, to receive portions of the maintenance dredging
spoil. An existing diked area at Indiana Harbor, Indiana, was also used at the
same time as part of this study.
In 1969, an offshore diked disposal area was completed in Green
Bay. It is being used for new work dredgings from a project to deepen the outer
channel and for disposal of maintenance dredgings from the outer sections of the
channel.
3. l. 4. 3 Landfill Disposal
In the past, practically all landfills were constructed of new work
dredgings. These materials, deposited in past geologic times, contain few man—
induced wastes other than those included in recent sediments overlying the older
deposits. Landfills with these dredgings usually have been suitable for beneficial
uses. The U. S. Army Corps of Engineers (1969) found no record of a landfill
consisting of polluted maintenance dredgings alone in the Great Lakes area.
3. 2 Length of Time Activities in Practice
3. 2. 1 Past Dredging Activities
Past dredging records compiled by the U. S. Army Corps of Engineers
(1969) provide a good history of dredging operations from 1933 to the present, but
earlier records are incomplete. Figures 7 through 11 are bar graphs showing the
yearly volumes (1933—1968) of dredging in each of the Great Lakes and connecting
channels and Table 2 gives quantities of dredgings by harbor for 1972 and 1973
(U. S. Environmental Protection Agency, 1973). These data include only dredging
by the Corps of Engineers. In addition, local industries have dredged the area
between the Federal channels and the unloading piers and in private slips and
channels. Data on such dredging are not readily available, but the volume is
estimated to be less than 10 percent of that dredged by the Corps.
3. 3 Types and Nature of Pollutants Associated with Dredging
Techniques for the characterization of the degree of pollution of water
have been established and refined for a number of years. Such techniques for




























































































































. o... a. . n. I -
‘ .p o. .. n u. a O
.. nub. nu an n .- In I 0














































































       
 
 
          










193:) i940 [945 l950 |955 {960 1965
FISCAL YEAR
1 million cubic yards = . 764 x 1
cubic I!
Figure 7. Dredging in Lakes Superior, Huron and Ontario
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Data Sou rce:
U. S. Environmenza". PrOIection Agency (1973)
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Engineers has been to base classifications of degree of pollution on field techniques
of an observational nature. Parameters used include odor, color, particle size,
and benthic fauna.
More recently, research has been undertaken to study the feasibility of
using more refined laboratory techniques involving such parameters as total and
soluble phosphate, nitrogen, biochemical oxygen demand (BOD), chemical oxygen
(COD), oil and grease, chloride, iron, pH, alkalinity, Eh, total and fecal coliforms,
and benthic organisms.
Currently (August, 1974) assessment of degree of pollution of harbor sedi-
ments is determined by the Environmental Protection Agency. EPA designates
materials as polluted or unpolluted based on volatile solids, COD, nitrogen, oil
and grease, mercury, lead, and zinc (see Table 3). The Corps of Engineers then
contracts to an environmental consultant to study the polluted areas more closely.
A confined facility is then designed to contain the polluted spoil material.
The determination of the degree of pollution of sediments and dredge mat—
erials is much more complicated than determining the degree of pollution of water
for two reasons:
1. Stratification. Sediments, being solids, are much less mobil
than water and therefore occur in a highly heterogeneous
spacial distribution. Thus obtaining a "representative" sample
is difficult if not impossible. This increases the number of
analyses required to properly characterize the materials.
2. Digestibility. The soil constituents of sediments represent
the most resistant of the natural materials. This complicates
analytical procedures which require the digestion of the material
to be analyzed.
3.4 State—of—the—art in Assessing and Quantifying Problems
Sediments become polluted before, during, and after transport into harbors.
In general, the sources of pollution can be categorized as municipal, industrial,
and agricultural. Agricultural pollution derives from animal wastes and from the
use of fertilizers and pesticides whose residues are washed or leached into streams
and other drainage channels.
Some contamination of sediments and water must be
ascribed to municipal wastewaters that are emptied into receiving waters as storm—
water discharges, overflows of combined sewers, spillage from surcharged and
broken sewers, and effluents from sewage treatment plants. Industrial wastewaters
may be added along with municipal sewage or directly through industrial outfalls.
 
 Table 8






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 mile = 1609 meters
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 operation. Physical alterations include changing of the geometry of the bottom
and, in general, creating deeper water. The nature of the substrate will be
altered if different geologic strata are encountered. These alterations may in
turn result in changes in water velocity and current patterns and in changes in
future distribution patterns of sediments. In addition the nature of the sediment—
water interface will be changed and disequilibrium may be imposed between
concentrations of pollutants in the water and in the sediment.
The type and degree of physical alteration depends upon the dredging
method used. In suction dredging loose materials are removed from previously
dredged areas. This type of dredging is thought to be the least harmful to the
biological community. Mechanical—suction dredging employing cutterhead
dredges is most likely to harm the biological community. In addition to changing
the bottom geometry, the dredges create considerable turbidity in the immediate
vicinity of the dredge. This suspended material may then be more susceptible to
release of pollutants into the water.
The environmental effects of disposal of dredge spoil may be either
physical or chemical in nature. Short—term effects include increased turbidity,
sediment buildup, and depletion of oxygen. In addition to being unsightly,
turbidity can reduce light penetration, flocculate algae and decrease the availability
of food. Sediment buildup can destroy spawning areas, smother benthic organisms,
destroy bottom habitats and habitat diversity, reduce food supply and reduce vege-
tation coverage. Oxygen depletion can suffocate organisms and release pollutants
because of anaerobic conditions.
Because these actions are immediate, their effects are strongly deter—
mined by the specifie manner by which the dredge spoil is returned to the water.
The duration of spoil—water contact and the degree of dispersion of the spoil are
important parameters in determining short—term effects. Hopper dredges and
barges using dump disposal while keeping the vessel stationary minimize both
dispersion and spoil—water contact time. Conversely, sediment buildup is high
and rapid, though confined to a relatively small area. Pipeline and side caster
disposal techniques maximize the dispersion and spoil—water contact time.
Irrespective of the disposal technique used, the duration and extent of
short—term effects will be highly dependent on water depth, current velocities
and patterns, bottom configuration of the disposal area and the grain size of the
materials disposed. Coarse materials in shallow, still water overlying ﬂat
bottoms will have minimum dispersion and spoil-water contact time. Conversely,
fine grained soil in deep water with high currents overlying sloping bottoms will
maximize dispersion and spoil—water contact time.
Long—term effects of dredge disposal are, of course, more varied, and
tend to be indirect. Many complex mechanisms can be postulated, but scientific
verification is difficult to obtain because of the time involved and because of the
difficulty in isolating cause and effect relationships. The highest potential for
32
    
detrimental effects results when polluted dredge spoil is disposed of in unpolluted
areas. There will be a tendency for pollutants to move out into the less polluted
environs. However, this diffusion is time dependent; hence long-term effects
result. This is particularly important in the cases of nutrients and toxins. The
processes involve chain reactions and determining release times becomes difficult.
The rate of release is inﬂuenced by three factors (Moore and Silver, 1973):
1. the time rate for a given process step,
2. the quantity of material transformed in the process, and
3. the distance of transfer involved in the process.
These factors, combined with the numberous possibilities for branching,
result
in extremely complex process networks for release of pollutants.
3. 6 Natural Renovation Mechanisms
The use of the absorptive capacity of sediments to attenuate pollutants is
often looked to as a natural renovation mechanism.
Because of their high physico—
chemical activity , soils and their associated biological constituents can detain
large amounts of pollutants.
This detention capacity is represented by a partition
coefficient giving the ratio of the concentration of a pollutant in the sediment to the
concentration of that pollutant in the surrounding water.
This partition coefficient
may
be of the order of 10, 000 = 1.
However,








ment will return pollutants back to the water.

























































































































































































































































































































































































































































































































   
 TABLE 5 (Con't .)







1, 000 Cu . Yds
1 cubic yard . 76‘
     
Lake Michigan
 
Calumet Harbor and River
Chicago Harbor and River
Charlevoix Harbor
Frankfort Harbor
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 ﬁgure 17' (from reference 4)
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 Figure 17. (from reference 4)
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 Indiana Harbor, Indiana
Calumet River and Harbor, Illinois
Green Bay Harbor, Wisconsin
Toledo Harbor, Ohio
These harbors and rivers were selected to provide a spectrum of relevant para-
meters.
The studies were undertaken by the Corps of Engineers in conjunction with
the FWPCA. A corps research vessel and crew undertook daily sampling in the
test areas. Analyses were performed in FWPCA laboratories. Table 7 lists the
types of samples taken and Table 8 lists the analyses performed.
The study resulted in the proposal of tentative standards for designation of
sediments as polluted or not polluted. The standards were set recognizing the
difficulties discussed in section 3.3 of this report.
Visible surface effects of dredging followed the principles discussed in
section 3. 5 of this report. Overﬂow in hopper dredges produce considerable
turbidity. Washoff as clamshell dredge buckets were raised also produced turbidity.
At disposal sites, the hopper unloaded While turning, resulting in more
dispersion than would have resulted if dumping had been done from a still vessel.
In some dredges, the hoppers had to be washed to completely clean them. Open
doors on hopper dredges and barges resulted in washoff during the return trip from
the disposal site.
Studies were also performed to determine the effects on aquatic life. The
criteria used were based on the degree to which the dredge material stimulated or
retarded growth of such species as Pontoporeia and Cladophors.
The results of the water quality analyses were inconclusive and too few
analyses were performed to allow the use of statistical methods. In general the
effects of dredging could not be distinguished from background data.
While most of the research described in section 4. 1 is indirectly related to
Great Lakes Basin problems, some involve work which in part or in whole is under—
































































































































NATURE AND AVAILABILITY OF TECHNOLOGY TO COPE
WITH POLLUTION PROBLEMS
5. 1 Introduction
The best control of pollution is at the source. Regulatory agencies are
engaged presently in a concerted effort to require municipalities and industries to
treat their wastewaters more intensively to decrease their pollutants. Control of
land erosion could greatly reduce the contribution of agricultural pollution. Con-
trol at the source, Whether municipal, industrial, or agricultural, will require
time and funds. Estimates of how soon control measures at the source will result
in the reduction of pollutants to an amount equal to the natural assimilation capa-
city of the receiving waters is only conjecture.
Therefore, alternate disposal methods must be considered; these include:
(1) alteration in equipment and procedures used in connection with open lake dis-
posal, (2) treatment of dredged materials to remove or stabilize pollutants to a
degree that the sediments could be deposited into open lake disposal areas, and
(3) disposal of dredgings in diked disposal areas. The following information on
this alternative has been reported by the U. S. Army Corps of Engineers (1969).
5. 2 Dredge Modifications
Spillage of dredgings from a loaded hopper often occurs during the trip to
open lake disposal areas. The pitch and roll of the vessel causes a portion of the
hopper contents to spill through the open overﬂow discharge pipe. The Philadelphia
District of the Corps of Engineers designed a temporary closure structure for the
Markham class hopper dredge. To prevent discharge, a gate valve would be
installed in the entrance of the discharge pipe. It was estimated that the cost of
the installation would be about $4, 600. A similar problem exists on the Lyman class
dredge. The original equipment for this class vessel included a one-foot high weir
gate which was used to increase the capacity of the hoppers. During modification of
the hoppers a number of years ago, the weir gate was removed. It could be rein-
stalled at costs similar to those discussed above for the Markham class.
Consideration was given to modifying the Markham to reduce surface effects
in the disposal area by discharging the dredgings at least 45 feet below the water
surface. Philadelphia District designed a temporary "jury-rig" structure to test
the feasibility of the plan. A 24—inch diameter piping system could be installed

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5. 3 Treatment of Dredgings
Space requirements for complete treatment equipment preclude its on—
board use or its assignment to auxiliary accompanying vessels. Among the
possibilities of partial treatment methods requiring a limited amount of space,
the following Were considered for hopper dredges: (1) aeration; (2) ﬂocculation;
and (3) chlorination. Hopper dredges normally dispose of dredgings in the open
lake, but pumping into diked areas appears to be becoming a more frequent and
common practice.
5. 4 Diked Disposal Areas
Treatment of supernatant from disposal areas prior to discharge back into
waterways, has been considered by the Corps. They engaged the Dow Chemical
Corporation to make a full scale field test at the Maumee River diked disposal
area using the same chemicals as for the earlier tests on board the dredge
Markham. The 30—acre (12138 square meters) Riverside spoil area was used for
the field test. A two—acre (809 square meters) corner was diked off to form a
clarification pond. Supernatant from the main area was discharged into the
clarification pond through a 250—foot (76 meters) long corrugated metal trough in
which the chemicals were added. Before running the field test, many laboratory
tests were run with different coagulants and aids and with a wide range of sus—
pended solids. It was found that the ﬂocculation was most effective with Purifloc
C—31 when suspended solids were at a concentration of about 8, 000 mg/l and very
good at concentrations up to 20, 000 mg/l. Above this level, the effectiveness
decreased rapidly. Below the 8, 000 mg/l level, effectiveness decreased also, but
the addition of ferric chloride improved the flocculation. Ferric chloride alone was
effective also, but produced a weak, light ﬂoc which settled slowly. At low con—
centrations of suspended solids, a combination of ferric chloride and Puriﬂoc
C-31 proved to be best.
The concentration of suspended solids in the water discharged into the
coagulation pond was only 60 mg/l during the 48—hour field test at the disposal
area. Chemicals used were 33 mg/l of ferric chloride and 7. 5 mg/l of Purifloc
C—31. Suspended solids were reduced to as little as 10 mg/l; phosphates decreased
from 0. 16 to 0. 10 mg/l; coliform count dropped from 14, 700 to 9,000 per 100
ml; and chemical oxygen demand and dissolved oxygen increased slightly. The cost
of chemicals used was $0. 01 per cubic yard of dredging. Dow Chemical Corpora-
tion believes that the concentration of suspended solids was too low for an optimum











































































































































































































































































GLBC on the nature of the environment within the Great Lakes basin. This would
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irritiation of the following programs
1.2.1.1 Registry of injection wells
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3.6 Natural renovation of wastes,
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3.7 Probable changes in land use,
,
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3.8 Projected seriousness of future pollution problems,
3.9 Review of regulations ,
Section 4 — SUMMARY OF RELEVANT ONGOING OR PROPOSED RESEARCH,
DEMONSTRATION, OR MONITORING PROGRAMS THAT MAY HELP ANSWER
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4-1-3 Ohio. . . . . . . . . . . . . . . .
4-1.4 Pennsylvania. . . . . . . . . . . . . . . . . .
4.1.5 Ohio River Basin, , _ , , . , .





























Section 6 - NEED FOR NEW RESEARCH, DEMONSTRATION OR
MONITORING PROGRAMS
. . . . . . . . . . . . . . . . . . .
6.1 Gaps in knowledge by 1976.,
. , . . . . . . .
. . .
6.2 New studies required. . . . . . . . . . . . . . . . . .





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Of particular value were the Water Supply
Papers published by the U. S. Geological Survey,
annotated
bibliographies published by the Environmental Protection Agency
and Selected Water Resources Abstracts, which are published
by the Office of Water Resources Research.
Additionally,
several reports from the governments of Canada and Ontario were
consulted in order to determine possible unique problems or
additional avenues of research. A search of The Ohio State
University library system using the Mechanized Information Center
produced a computer printout of 36 references on the subject























































































































































































































































































































































































































































































































































































































































































































































The use of subsurface reservoirs as a receptacle for indus—
trial wastes has increased greatly within the past 20 years as
dooumented elsewhere in this report.
Economic factors have been
partly responsible since some industries have found it less expen—
sive to switch to subsurface disposal than to continue surface
treatment of wastes. Other industries found that they could no
longer dump partially treated or untreated wastes into surface
streams under new regulations designed to improve water quality.
Such industries also sought to solve their waste management prob—
lems by subsurface injection.
The space into which the liquid wastes are injected is obtained
partly by displacement of water in the formation, partly by com*
pression of the fluids, and partly by expansion of the formation
matrix. Ideally the receiving formation is bounded both above
and below by formations of low vertical permeability. Even with
such precautions upward flow can occur if high injection pressures
are used and hydrofracturing has occurred.
3.l.l Waste Disposal or Waste Storage
The use of the term "dispOsal" in the process of subsurface
injection of wastes is sometimes considered to be erroneous
lO
  
    
(Cleary & Warner, 1969). Generally wastes are merely stored in
subsurface space. Wastes will seldom be contained forever in one
place but usually they will be confined and move only under
restricted conditions that may be predicted or monitored (Drescher,
1965).
3.1.2 Design and Operation of Wells
Determination of the suitability of disposal zones depends on
many geologic and hydrologic properties of the subsurface and other
factors such as the risk of seismic events, unplugged or poorly
plugged wells, possible useable resources in the subsurface and the
characteristics of the waste to be injected. Criteria for deter—
mining the suitability of these zones are being developed by state
and other agencies. A list of the application information consid—
ered desirable by ORSANCO (1973) is given in Table l; more detailed
data requirements are suggested by the U.S. Environmental Protec—
tion Agency (Hall and Ballentine, 1973). Some states have been
mapped on the basis of suitability for subsurface waste injection
and in these states administrators may use informal guidelines
in treating applications on the basis of the location of the
proposed well in the state (Bergstrom, 1968b).
One reason for the need for detailed information on a proposed
site is the possible reaction of wastes with the formation or
formation waters and subsequent reduction in the permeability of
the receiving formation. Additional problems concerning composi-
tion of the wastes are given in Table 2 and useful informationfor
evaluation of wastes for injection underground are in Table 3.
At least one well in Ohio and one in New York have not received
permits for injection because of the unknown or hazardous nature
of the wastes.
One example of the design of an injection well and associated
pretreatment system is given in Figure l. Pretreatment is needed
to avoid problems listed in Table 2 and to make wastes more com-
patible with the receiving formation and thus extend the useful
life of the well. Some wells use a non—corrosive fluid under
pressure in the annular space between the injection tubing and the
well casing. Changes in the monitored pressure in this space,
indicating a leak has occurred by corrosion or failure of the
injection tube or casing, could automatically shut down the well.
Other designs show injection of non-corrosive waters into the
formation through the annular space as the wast is injected through
the central string of tubing (Bayazeed and Donaldson, 1973).
Accidents due to failure of the injection tubing by corrosion have
resulted in use of fibercast tubing in some places, in order to
reduce this hazard.
3.2 Length of Time Activities in Practice






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































bore and at 100, 1,000, and 10,000 feet from the
well bore). (feet x 0.305 = meters)



















A. Drilling, coring, and testing program
B. Casing and tubing — size, grade, type, weight, setting
depth
C. Cement — type including additives and amount
D. Other subsurface equipment
E. Well-head equipment
PROPOSED SURFACE EQUIPMENT
A. Holding tanks, flow lines, filters and pumps
B. Flow, pressure, and other monitoring devices
C. Other equipment or control devices
CHARACTERISTICS OF UNTREATED WASTES
A. Industrial process from which waste is derived
B. Physical and chemical description of waste — including
variations
C. Volume — including variability in rate of production
D. Compatibility with subsurface fluids
ALTERNATIVE DISPOSAL METHODS
A. Description of alternative disposal strategies
B. Comparison of alternatives
economic and environmental
justification for decision
with respect to both
considerations, and
to use underground injection

















































































































































































































































































































































































































































































































































































































































































































a. With system components
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just the least expensive,
way to handle the waste.
3.4.3 Seismic Events
Earthquakes may be associated with use of underground
space as was demonstrated in Denver (Evans, 1966).
Most of these problems, although important, are
secondary considerations to the possible contamination
of the Great Lakes by discharge of injected wastes or
displaced brines into the streams or lakes in the basin.
3.5 Mobility of Pollutants in Ground—Water and Surface—
Water Systems
Many of the liquid wastes that are discharged into
injection wells in the Great Lakes Basin receive some
surface treatment, although actual data appear to be
lacking (Warner and Orcutt, 1973). Pre—injection waste
treatment largely consists of filtration in order to
decrease the potential of plugging the injection zone.
In some instances there is no treatment.
Little information based on empirical data is
available that describes the mobility of various
contaminants in the deep subsurface. An understanding
of their mobility in the underground environment is
complicated because of the various chemical reactions
that occur due to differences in composition in the


























































































potential for high mobility,

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.8 Projected Seriousness of Future Pollution Problems
The seriousness of future deep—well disposal
problems will be closely related to the administration
of legal controls by various state agencies and the
construction, operation, and maintenance of injection
equipment. Even with the most sophisticated systems
equipment can fail at any time causing waste to discharge
into shallower fresh water aquifers, the ground, or into
water courses. Problems such as these are manageable
and should not lead to significant occurrences of con-
tamination if proper management techniques are enforced.
If state laws and regulations are inadequate, undoubtedly
problems will continue to occur. Liquid waste injection
in some geological situations can result in seismic
activity as evidenced in Denver, Colorado, but problems
of this nature are not well understood. Injection at
high pressures can cause hydrofracing, which will increase
not only the permeability of the injection zone but may
fracture confining layers. This may resultin upward
migration of waste materials.
Available data indicate that most future deep—well
injection problems have the greatest potential for occurrence
in the State of Michigan (Deutsch, 1963). This is largely
due to the abundance of unknown and abandoned test wells
and holes that penetrate the major injection zone. Similar
problems could occur in parts of northern Ohio where also
there is an abundance of unknown old oil and gas wells
and test holes. It is unlikely that the problem will
become very serious in Ohio, howeVer, because of the
legal controls already established. Additional contamination
problems could develop in Michigan associated with escape
of waste solutions through collapsed strata above salt
caverns.
3.9 Review of Regulations
Ohio was the first state in the Great Lakes Basin
to establish specific regulations concerning deep-well
waste disposal. The regulations were formulated in 1967.
Michigan soon followed with the Mineral Well Act, Act. No.
315 of the Public Acts of 1969. The effective date of
this Act was July 15, 1972, and fonma inﬂEmentHicn
reportedly began in 1973. Elsewhere no specific deep—well
26
   
disposal laws exist, but several policy statements
have been issued. Injection well policy was established
in New York in 1969 and in Illinois in 1970. Related
legislation was formed in Indiana in 1969.
Where there are no specific statutes, deep-well
disposal permits are regulated most frequently through
water pollution control, health, environmental protection
or oil and gas agencies or a combination of these depart-
ments.
If followed to the final letter, existing laws, reg—
ulations, and policy appear to be adequate from a legalistic
point-of-view. Although supporting data are unavailable, it
appears that the level of funding available to the regulatory
agencies is inadequate. Furthermore, available personnel
are too few in number and, in some cases, too inexperienced
with the specifics of deep-well disposal to adequately
carry out many of their duties.
A potential interstate conflict in deep—well
disposal philosophy may develop between the States of
Indiana and Illinois. The general policy in Illinois is
to prohibit disposal in the northeastern part of the
State, whereas in adjacent parts of Indiana several injection
systems are in operation.








and Ontario and, although the regulations have been improved
in the past decade the nature of the subsurface and the unknov







SUMMARY OF RELEVANT ONGOING OR PROPOSED RESEARCH, DEMONSTRATION,
OR MONITORING PROGRAMS THAT MAY HELP ANSWER BASIC QUESTIONS
4.1 Relevant Regional Investigations
Basic questions, geochemical and hydrodynamic in
nature, were addressed in several papers presented at the
second symposium on underground waste managementand
artificial recharge (Braunstein, 1973). The applicability
of these results and numerous case histories also reported
concerning many wells in operation in this country and
abroad, will only help our understanding of the process.
An increased general—knowledge base plus continued surveil-
lance over operating wells and careful consideration
of requests for new wells will serve to further reduce
the possibility of contamination of water supplies.
Research that probably would be of greatest immediate
benefit in protecting the basin would be that of investigating
the hydrodynamic, geochemical, and geologic factors in the
areas of actual or proposed injection. These data could
be used to improve and support administrative decisions
regarding requests for new wells.
Only a few ongoing or recently completed projects
were found to be directly related to answering questions
on subsurface injection in the basin. Other applicable
research may be underway, but was not reported by the state
agencies contacted.
4.1.1 Illinois
Bond, D. C., 1972, Hydrodynamics in deep
aquifers of the Illinois basin: Illinois
GeologiCal Survey Circ. 470.
Schicht, R. J., 1973, Deep—well injection of
desalting-plant waste brine, in Braunstein, J.,
(ed.) Underground waste management and artificial
recharge: AAPG, v. l, p. 652 - 663.
Heidari, M. and others, computer simulations


























































































































































































































































































































































































































































































































NATURE AND AVAILABILITY OF TECHNOLOGY
TO COPE WITH POLLUTION PROBLEMS
Pollution problems that result from deep-well
disposal operations are of two types based on the rate
at which contamination occurs. Accidents such as well
blowouts or poorly plugged wells may cause very rapid
pollution of surface waters as was the case in Pennsylvania.
Slower accidental contamination of ground waters mayoccur
if wastes leak through fractures in the casing or through
poor seals between the confining formations and the casing.
Contamination of an aquifer could occur over many years
without detection as wastes migrate laterally and vertically
under a modified ground—water flow system.
5.1 Nature of Technology
Pollution of surface or subsurface water from a faulty
well can be stopped by ceasing operation. A standby well,
storage lagoons, or a waste—treatment facility should be
available to handle wastes in the case of accidents and
during maintenance.
The quality of the polluted surface waters may be
improved in several hours or days, mainly by dilution.
However, subsurface reservoirs may remainpolluted for
centuries depending on the type of waste and ground-water
flow rates. Thus pollution by equipment failure or by
migration from the containment zone could prove hazardous
to subsurface resources.
In rare instances it might be possible to flush these
resources with fresh water to eliminate the contamination,
but this would be costly even if possible.
The use of alarm systems to shut down the wells during
equipment failure and the installation of monitoring wells
may be the best technical solutions to potential pollution
problems.
30
   
 Section 6
NEED FOR NEW RESEARCH, DEMONSTRATION
OR MONITORING PROGRAMS
6.1 Gaps in Knowledge by 1976
6.1.1





































































































































































In some areas, available knowledge suggests that the
case-by—case basis, combined with strict permit and enforce—
ment regulations, will be adequate to minimize the pollution
potential. Thus funds may be of more benefit in defining
and solving problems in other parts of the basin.
6.2.2
The geohydrologic system from one state to the next as
within each state is unique and therefore, demonstration
projects incorporating the more sophisticated techniques are
urgently needed.
6.2.3
Additional studies and programs concerning a registry
of injection wells and determination of subsurface space


































































































































































































































































































































































































































































































 2. Nature of interface between waste and formation
fluids; dispersion, fingering; gravitational segregation
resulting from density differences.
3. Use of buffer zones.
E. Prediction Models
1. Numerical mathematical models with digital—computer
solutions for the prediction of pressure fields,
hydrodynamic gradients, and nature and shape of
interfaces in complex, non-homogeneous and anistropic
formations.
2. Methods for collection of data on waste movement
and behavior, to enable checking of model predictions.
F. Heat Dissipation
1. Heat from radioactivity of waste
2. Heat produced by chemical reactions
CHEMISTRY
A. Waste Classification
1. Detailed quantitative criteria for classification
of liquid industrial waste.
B. Compatibility Problems
1. Methods and equipment for sampling and testing of
formation fluids under subsurface conditions of
temperature and pressure.
2. Chemical interactions of various wastes with various
types of formation fluids and formation rocks under
subsurface conditions.
3. Chemical interactions between incompatible wastes in
intersecting zones of influence of.closely—spaced
wells.
4. Changes in permeability resulting from various chemical
reactions.














































Attenuation through ion exchange, adsorption,
fixati










chemical degradation of formation of new compounds.
TECHNOLOGY
A. Well design and construction methods.
B.










































l. on a plant basis,
2. on an industry—wide basis,
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1.2 Summary of Findings and Conclusions 1
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public extension services and educational programs. Most States in the
Great Lakes Basin have not established land-use regulations directly conce
with non—point source pollution. However, as population increases in the
Great Lakes Basin and land is placed under increasingly intensive use,
there will be a greater need to regulate land—use practices to prevent
significant environmental degradation. Activities in this direction are
in the preliminary stages of research and development, including draft
formulation in some states.
The second is the need to address the types of residual materia
generated from non—point sources: sedimentation, nutrients, pesticides
and herbicides, as well as certain other materials. Almost all land-use
activities release one or more of these residual materials. Currently
all States possess pesticidal controls. Only three States, however, have
specific statutes regulating erosion and sedimentation from land-use
activities, and only two States have statutes dealing with nutrient wastes
specifically from intensive animal feedlots.
The third is the likelihood that in some instances methods for
collecting and treating non-point source runoffs are feasible, in other
words, the transformation of non—point sources into point source runoffs
which then can be treated and disposed of. Such programs include storm wa
treatment systems and disposal facilities with leachate treatment. The
problem in this area is not the lack of State authority, since most dispos
operations come under direct State regulatory practices, but the lack of a
adequate monitoring and surveillance system for operational procedures to
insure that suitable construction practices are followed. The State must
also provide specific regulations over what can and cannot be leached from
disposal sites. Because of the cost of this approach, it is questionable
that it will be publicly acceptable and enforceable except in limited case
Preventive methods rather than restoration of damaged ecologica
balances are an essential element in regulating non-point source pollution
There are also advantages in changing basic manufacturing processes to
reduce their various waste residual emissions. This is a highly econondca
means to reduce pollution loading on waters, not only from an industrial
point of View, but also from a regulatory point of view. By changing
manufacturing processes in this manner, the outflow of residuals can be
altered to become more compatible with ambient standards, thus reducing
monitoring and surveillance costs and reducing the effective costs of
providing "end of the pipe" treatment. However, there have been few
attempts to provide industry with incentives to alter their production
processes to reduce emissions which can degrade water quality. Incentives
could include tax programs, assistance to small businesses, as well as an
intensive educational effort. This is an area for evaluating the policies
and procedures that governmental agencies could take to foster changes in





This is especially important in areas where land and water systems
interface, such as erodible shoreline zones and areas subject to sheet and
gﬁly erosion. bbst research to date indicates that land—use zoning which
takes into account the impact of land use on water will be necessary in order
to provide a significant measure of control over non-point source pollution.
In reviewing non—pointsource pollution this study did not look
at radioactive waste materials. This is, however, an important category
which requires further research to assess the magnitude of radioactive
leakage released through spills. Generally radioactive materials come under
Federal legislation and control, but States could become involved with
regulating the transport of radioactive materials in intrastate commerce to
reduce potential hazards. Unfortunately, there is limited information about
the actual impact of radioactive spills on the environment. Further study



















































Historically, the management and control of water quality has
directed primarily at reducing effluent loads from point source discharge
Point source discharges are generally defined as discharges from an
identifiable, discrete outflow such as an "end-of—pipe” municipal sewage
discharge into a waterway. This approach has been based on the assumptio
that the severest man-induced forms of water degradation originate from
point sources. Therefore, in allocating scarce environmental resources,
point source control methods have usually been given the highest priority
However, as point source control programs increasingly improve the qualit
of effluent discharges, diffused non—point sources such as agriculture,
silviculture, mining, construction, and subsurface excavations will becom
relatively more important in water quality management. In recognition of
this, the Federal Water Pollution Control Act Amendments of 1972 (P.L. 92
Section 304(e), indicates the need for attention to non—point source acti
(52).
A primary goal of P.L. 92—500 is correcting informational
deficiencies surrounding non-point source pollution. Over the next two
years, each State will develop a profile of its non-point source problems
and assess prevention and control techniques necessary for its particular
set of non-point source problems (52). During this period the primary
responsibility in these research areas is assigned to the U.S. Environmen
Protection Agency.
The goal of the 1972 amendments is to have local and State non
source pollution control programs implemented within three years in order
achieve the 1980 ambient standards. The Act combines treatment and preve
management techniques at the local level and legislative movements at the
State level to promote land-use practices addressed at non-point source
pollution prevention.
The linking of non—point source pollution control and land—use
management is significant because land—use management techniques form the
only feasible method for realistically controlling non—point source pollu
especially with regards to ground—water quality.
P.L. 92—500 specifically points out that non—point source poll
control is basically a State problem. States are viewed as being respons:
for planning and implementing any activity concerned with non—point soura
pollution. The Federal government is primarily responsible for providing
technical and monitoring assistance, except in the case of Federal lands
















































































































































































































































































































































































































































































































































































































management planning programs. In recognition of this need, Pennsylvania












































































































































































   


























































































   
Therefore, the COWAMP Program has a significant
institutional legitimacy
which seems to be unique in the Basin area.
COWAMP initially will focus
its non—point source management program on identification and evaluation








solutions to land drainage.































































































reduce their impact on water quality.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
SECTION 3
Land Use
3.1 General Description of Land—Use Category
In the past non—point source regulations have included State
formulation of standards and guidelines designating certain land—use
practices which were not enforceable. Another form of managing and control
non-point sources has revolved around technical assistance and educational
programs from such agencies as the U.S. Soil Conservation Service, assistir
local Soil and Water Conservation Districts, and through State universities
agricultural extension services, and in some instances, through various
State departments which carry out guidance and informational programs in
assisting agricultural and commercial interests to adopt various land—use
management practices.
For most States, activities which specify procedures
for handling non-point source loadings, such as sedimentation and animal
wastes, have taken place at the local level.
3.2 Length of Time Activities in Practice
The U.S. Soil Conservation Service's programs directed at erosion
and sedimentation control on agricultural lands and local Soil and Water
Conservation District programs with assistance from SCS have been in
existence for at least two decades.
Land—use control, such as deepwell
disposal regulations, have
been in existence since the past decade in
certain States and since 1950 in others.
State regulations backed up by
enforcement standards have come into general existence only during the past
decade, and existing management and control patterns among the eight Great
Lakes States are changing.
3.3
Types and Natures of Pollutants Associated with Land Uses
The four basic types of pollutants associated with most land-use
activities are nutrients, pesticides and herbicides,
sediments, and in
some cases, certain industrial chemical wastes found in deepwell disposal
operations.
While other types of pollutants Such as radioactive wastes
exist, these are the four major forms usually associated with non—point
sources.
In future studies, it is recommended that radioactive materials
be included in non—point source research to the extent possible.
3.4
State—of-the—Art in Assessing and Quantifying Management and Control
Problems



































































































































rather than curbing the generation or providing treatment.







































to be accomplished prior to any land—use activity versus an informal















































































































stronger in points of jurisprudence than administrative codes.
However, states such as Indiana and Wisconsin have felt that









































general non—point source regulatory measures applicable to all situations









































vehicle with respect to land-use controls. Among the eight Great Lakes
States, there seems to be general agreement that State level action is





















rely principally upon generating voluntary compliance or have provision for
strong legal enforcement of approved land—use practices. One major drawback
in administratively developing strong regulatory proceduresis the difficulty
associated with monitoring land—use practices and providing sufficient
enforcement personnel to compel compliance. Furthermore, the financial
resources to implement this type of program are not feasible in the near



















various methods to achieve this may not be effective, depending on the

























































































      
3.5 Probable Changes in Land—Use Activities Management in Time, 1976,
1980, 2020
As programs concerned with non—point source control increase
in importance, States will become more involved in land-use planning and
management in order to gain leverage over these "background" pollutional
effects on water quality.
Because many land—use activity patterns will change to more
intensive forms in the future (such as concentrated animal feedlots),
State programs will be required to increase their regulatory roles.
Even
now forestry activities are developing into multipurpose use areas——








Projected Seriousness of Future Management and Control Issues and






















































3.7 Review of Institutional Arrangements to Regulate Land Use for Controlling
Water Pollution
3.7.1 Residential and Commercial Areas
New construction sites in urban areas can exert a non-point g
source loading of sediments up to 500 times greater per unit area than is E
evident in agricultural operations (22—A7). Urban areas are also significant
non-point sources for nutrients and chemical toxins. However, the major
type of pollution from non—point source runoff in urban areas is sedimentation,
and this results primarily from construction practices. Construction is an
extensive land disturbing activity and places urban lands under significant
pressures and unstable conditions, resulting in a high loss of top soil. In
Michigan and Pennsylvania erosion and sedimentation regulations specifically
pertain to sediment runoffs and designate that contractors shall submit plans
outlining measures conforming to reduce erosion and sedimentation from their
operations as provided in State statutes. In the erosion and sedimentation
control program in Michigan, urban construction sites will be the first
priority (27).
While the other six States in the Basin do not have specific
erosion and sedimentation control ordinances, they can enforce abatement
of sedimentation in situations where specific activities can be shown to
cause degradation of surface waters under general water quality protection
standards.
In previously developed areas sedimentation production tends
to be low compared to yields generated from new construction sites. This is
due to higher proportions of impermeable surfacing in high density urban
areas. The major forms of sedimentation in these areas result from sediment—
laden runoff from street and road debris which either drains into storm
sewer systems or directly to surface waters. Atmospheric debris produced
from transportation, commercial, and residential sources also generates
significant particulate fallout into surface waters.
State programs dealing with these aspects of urban sedimentation
revolve around air pollution regulations concerned with particulate
reduction and the construction of combined or separated storm and sewer
systems which can transmit street debris into treatment systems or directly
into receiving waters. However, the provision of storm drains and sewers
acts as a collection method for non—point source residues, but does not
generally aid in improving water quality.
 
In urban areas significant amounts of pesticides are applied
noncommercially, except in the case of controlling Dutch elm disease and
mosquitos. Thus, pesticides and herbicides elude management and control





















































































































































































































been a local responsibility and usually comes under procedures for insuring
that animal owners remove animal wastes



























inadequate handling of animal wastes.
Combined storm/sewage

























































































































































































a policy on controlling
residential non-point








a monitoring and evaluation
program to estimate residen
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Runoffs of salts, sand, and oils are other examples of highway
non-point loadings. ’There are currently few programs among the eight Great
Lakes Basin States to control these forms of surface runoffs from road
systems. Oil seepage from automobiles can leach into the soils and affect
either surrounding surface—water areas, or slowly degrade ground—water
quality. Likewise, seasonal applications of salts can leach off in the
springtime and affect surface-water quality. While there are few substitutes
for salting roads in the wintertime to prevent icing, most States attempt
to minimize salting.
Herbicide applications to roadside areas to curb vegetation come
under general pesticide application laws at the State level.
Nutrient
loadings generated from application of fertilizers to roadside strips of
vegetation is not seen as a significant problem in most cases because of
the limited nature of this activity. Currently, there are no programs
for curbing or regulating fertilizer applications.
The major forms of erosion and sedimentation from railroads
.occur in the construction of tracks. However, this is not a significant
activity at present and has not been an important factor for State water
quality control. At the present time the emphasis lies in controlling
certain herbicide applications from being used near adjacent surface—water
areas (1). There are no controls for sedimentation from already existing
railroad lines, or for possible runoffs of oils or other compounds produced
in railroad operations.
Substantially, the same picture exists concerning airports
where few, if any, State regulations address the impact of airports'
non—point pollutional impacts upon water quality. It does not appear
that in the near future the transportation land use sector will be receiving
attention at the State level in addressing their non—point impacts on
water quality outside of management and control proceedings applied to
new construction starts which may be incorporated under sedimentation
programs or programs regulating herbicide and pesticide applications.
-15-
 
































TABLE 3 Description of State Activity-~Transportation
*
Ill. Ind. Mich. Minn. N. Ohio Pa. Wis.
evaluations of road
runoffs on surface and
ground water quality











         
o currently operating
*
only Michigan and Pennsylvania responded to questionnaire
TABLE 4



































































Depending on the nature of the extractive operation, State
regulations and control procedures vary. Regulations concerning oil
and gas wells emphasize preconstruction review, especially on State lands,
and control procedures for the abandoning and capping of wells. State
regulations concerning surface mining are more extensively developed and
involve procedures requiring reclamation of land, backfilling, grading,
and planting requirements, as well as preventing degradation of ground
water by mines. Comparatively few States regulate underground mining
operations in the area of water quality control because of the relatively
few operations of this nature. The exception to this is in cases where
acid mine drainage has become a significant problem in Pennsylvania (39)
(22—A4).
In subsurface mining operations regulatory procedures can set
requirements for abandoning the operations. This could mean sealing the
entrance and allowing it to fill with water. Most States currently do
not require the filling of mines to prevent acid drainage, except for
Pennsylvania where acid mine drainage is a significant contributor to
the degradation of water quality. It is almost impossible to prevent ground
water from seeping into subsurface mining operations, and until recently,
the serious effect of acid mine drainage on ground water and aquifer water
quality was not regarded as being significant enough to expend State
manpower and resources to control it.
Oil and gas drilling regulations vary among the Basin States
concerning drilling beneath inland waters. Only Michigan, Ohio, and
Pennsylvania have policies discouraging this type of operation, although
all the States except Wisconsin have statutes controlling mining operations
beneath the waters of the State. These statutes cover construction
standards, surveillance requirements, and the drilling and operating of
dewatering wells. Only New York and Pennsylvania have requirements specifying
the drilling and operating of dewatered wells. All Basin States require
that wells be capped and filled on abandonment to prevent seepage of
ground and surface water into the wells and possible backflows of fluids
from the wells onto surface—water areas.
Surface mining is also controlled differently depending on
each State's experience with surface mining operations. The following
regulate the effects of surface mining operations upon water quality.
(1) The types of mined minerals covered may vary from State
to State. For instance, Illinois and Pennsylvania statutes cover extractive
operation of all minerals including coal, clay, stone, sand, gravel, and
other materials. Indiana, likewise, applied controls over all minerals.
However, Ohio only covers coal extractive operations. In Minnesota and
lﬁsconsin only metallic minerals are covered. In Michigan gravel pits,
eat, marle, clay, and stone quarry activities are excluded from surface












































































































































































































































































































































































































































































'denied a permit. However, recently permits have been turned down, although
 
One report summarized that most States' regulatory laws concerning
strip mining are weak (49), especially in the area of requiring land
restoration. Pennsylvania's strip mining laws are considered perhaps some
of the strongest in the nation. However, as the report indicates, they are
often undercut by ineffective backup regulations and limited enforcement.
One problem noted in Pennsylvania is the practice of some operators
forming new companies to avoid the reclamation work required under old
licenses. Additionally, there remain problems in abandoned sites which
cause landslides, erosion and sedimentation, and acid mine drainage into
the receiving waters.
Another problem concerning extractive operations is the difficulty
of enforcing regulatory practices where the standards do not provide
economic incentives for operators to comply (51). There is also the
difficulty in defining the requirements for issuing permits for mining
activities. For instance, in Ohio, current laws appear to give the State
authority to deny a mining permit if the land cannot be reclaimed. The
language is somewhat vague, and until recently, the State has never
this has been appealed. Stronger legislation has passed the Ohio House of
















































water impacts, and flows
has a policy on oil drilling
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TABLE 8 Evaluation of
State Activity-Exttact1ve




111. 1nd. Mich. Minn. N.Y. Ohio Pa. His. 111,‘ 1nd, Mich, Minn, my. Ohio Pa. mg.














































































































































































Does the State have regula—









May State lands be drilled














Does the State have a
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Is there a strong State
policy regarding oil drilling





Must abandoned wells, test
holes, and oil wells be








Are any persons, areas, or
minerals exempted from











Are there State controls
regulating sand and gravel






May water be diverted











Are there any special
statutes modifying comnnn
law water rights relating
 
to mining and drilling?









** issue has never arisen





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Regulations that control the application uni
as the amounts of pesticides to be employed; Wilt aff=
impacts on water quality. Table 13 lists the various
procedures used by the States to regulate pesticides.
  
Research has indicated that pesticide residuals that come into
contact with water usually settle into the bottom sediments of streams
and ponds and may or may not enter the food chain once in bottom sediments.
In cases where individual States have developed nmnitoring practices for
pesticide residuals, few studies have found any significant concentrations
of pesticides in either aquatic or land environments. Information is
currently inconclusive about the long-range effects of pesticide applications.
Nevertheless, most States are attempting to apply more stringent controls,
specifically in the types of pesticides which can be applied by unlicensed
operators. Few State are banning pesticides. Rather, most are insuring
that the application of restricted pesticides, i.e.3 those which persist
once distributed in the environment and are highly toxic to plant and
animal life, are applied by trained licensed operators to insure minimal
contact with forms other than those for which the pesticides are designated
(1).
Currently all Basin States require registering of commercial
pesticides and regulate the distribution of restricted pesticides by
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TABLE 1] Description of State Regulation-Peaticides and Herbicides
t
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Agricultural land is estimated to contribute approximately 20
percent of the total phosphorus loading in the Great Lakes and approximateL
30 percent of that contributed by tributaries to the Great Lakes
(22-A6).
Unfortunately,








it may be similar to the amount estimated for phosphorus.




























































































































































































































































































































































Although the possibility exists of regulating the retail sale
of various nutrients, this has not occurred in any of the Basin States.
While the regulation of pesticide container labeling is common, this is
not done for nutrient containers. One drawback is the difficulty in
insuring that labeled containers will be read and followed by individual
users.
 
TABLE 14 Evaluation of State Activity--Agricultural Nutrients
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3.7.6 Erosion and Sedimentation
Soil erosion and sedimentation control has existed for some tine
in the area of agricultural management. Local conservation district, in
conjunction with the Federal Soil Conservation Service, have given assistance
to farmers in implementing programs to reduce soil loss from erosion and
sedimentation which can adversely affect cash crop operations. However,
erosion and sedimentation control has been based in the past on economical
agricultural practices. The changes in land use evident today place the
emphasis on controlling erosion and sedimentation in a different light.
Shifts from agricultural activities to urban and suburban land uses, including
industrial and commercial development, have tremendously increased land
disturbing activities in the United States. The ratio of sedimentation
D yields between new urban construction sites and rural areas can be as great
as 500 to l (22—A7).
  
——— Various States have moved towards adopting or considering State
legislation for soil erosion and sedimentation control which would apply
to urban and rural areas. In this regard the Council of State Governments
__— Committee on Suggested State Legislation proposed a model State act for
soil erosion and sedimentation control, published by the National Association
of Conservation Districts in 1972 (7) (9). Because an estimated 98 percent
of all private lands are within soil conservation districts, the model act
placed erosion and sedimentation control programs within the district
——— framework as the official implementing agency for State erosion and sedimen-
tation control guidelines and programs. Moreover, it was the district's
responsibility in the model act to establish consistent State-wide programs
——— and guidelines for various types of land uses. The key feature, at least
in the structure of the model ordinance, was that the State Soil and Water
Conservation Commission would be the essential policy—making and guideline-
formulating body at the State level. The Commission would also have
ultimate determination over the approval or denial of permits for land-use
activities which required erosion and sedimentation control measures (9).
Soil Conservation Districts would review all plans submitted
===' to them for erosion and sediment control at the local level with the Soil
and Water Conservation Commission acting as a review board and having final
determination over their implementation. The model statute would allow
-——‘ monitoring of operations, including on-site inspection and filing of
periodic reports of land uses, as well as setting up the possibility of
___ fines or imprisonment for violations of soil conservation plans and
procedures issued by the Commission. However, most States have not adopted






















the various Great Lakes Basin States. Procedural controls range from
reliance on the soil conservation districts in rural areas to assist farmers
in adopting land-use management practice, to the development of State-wide
statutes and regulations for soil erosion and sedimentation control. However,
soil conservation districts aid local farmers in developing erosion and














































































































































































































































































































































































































































































































































































































—guidelines and procedures. However, the Soil Conservation Service does
not have enforcement or regulatory powers. The emphasis is on voluntary
compliance only. The Indiana Stream Pollution Control Board can, as part
of its responsibilities, demand that certain activities take measures to
insure that sedimentation loads will not adversely affect water quality
ion by increasing suspended solids contents or discoloring the water. There
have been instances in residential construction operations where desilting
2.
pits and debris basins were ordered to prevent siltation of rivers. However,
:t
in requesting such procedures, no specific requirements or specifications
are made. The only exception to Indiana's voluntary compliance approach
is in the area of sand and gravel operations where sedimentation basins
: are required as part of the permit program.





exchange and hopes to develop regulatory procedures for reducing sedimen—
tation from land—use activities. It is a multi—agency program and should
a State erosion and sedimentation control ordinance be passed in Wisconsin
at a future date, interagency cooperative efforts will hopefully continue
and insure successful implementation of the program.
Voluntary compliance is stressed in Wisconsin, with the accent
upon local participation. Currently counties or local municipalities
can pass their own sedimentation control ordinance, and some have done
this (56). One of the factors limiting Wisconsin's further involvement
in generating State sedimentation programs is the problem of developing
new management structures at the State level for regulating and enforcing
the program.
It is Wisconsin's view that neither the U.S. Soil Conservation
Service, nor the soil conservation districts should be, or would want to
be, part of a regulatory procedural program directed at sedimentation
control. Both have traditionally stressed voluntary compliance including
informative educational programs and incentive systems. To develop a
sedimentation program which has enforceable provisions would require
monitoring, surveillance, enforcement, and other regulatory practices
requiring new authorization and additional personnel.
For urban areas the institutional arrangement problem is not
as severe, and there is some question whether a sedimentation control
program would encounter the same difficulties in urban areas as it would
ion in rural ones. However, the State is awaiting the results of the
Washington County project in the hopes that the experience gained from
the project can be used to develop sedimentation practices, programs,
and institutional arrangements at the local level.
In 1972 Pennsylvania passed a law requiring all earth-moving
activities to have erosion and sedimentation control plans approved by
the State except where the plans have been developed by the U.S. Soil














































































































Description of State Activity--Erosion end Sedimentation
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TABLE 17 Summary of Statutory Regulation——Erosion and Sedimentation
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3.7.7 Intensive Animal Feedlots and Animal Waste
In recent years there has been a move towards adopting concentrated
aninal feedlots practices for various types of animal production operations
in the Great Lakes Basin. These operations have resulted in significant
loads of animal wastes in concentrated form which can present serious non—
point runoff of biological material.
It has been shown that intensive animal feedlots, depending on
the types of animal housed in these operations, can generate significant
loads of waste materials. These include BOD,-COD, nitrogen, and combinations
'of nitrates, potassium, and phosphorus, as well as other specific types of
residual matter.
Although the EPA has established guidelines applicable to feedlots
within certain sizes ofoperations under the NPDES Program, most States
have not provided any regulations or control procedures to limit or handle
the resulting animal wastes.
The major activity at the State level in this regard has been
in the states of Minnesota, Illinois, and Indiana, where intensive animal
feedlots have, in the past, posed serious problems to water quality. In most
situations intensive animal feedlots are not located near high density
urban areas, and their effect on surface waters is not as great as other
land-use activities. However, in cases where intensive animal feedlots
cause serious water quality degradation and are brought to the attention
of state officials, procedures exist to control the release of these wastes.
The States can regulate intensive animal feedlots through their
general water quality statutes and regulations preventing water quality
deterioration on the part of land—use activities. In this manner intensive
aniaal feedlots can be handled on a case—by—case basis after water quality
degradation has occurred. The procedures generally require hearings, and as
a last resort, court proceedings for abatement procedures. This was the
se in Indiana up until recent times. Controls were not applied until




















fish kills. In 1971 a law was passed regulating confined animal feedlots,
depending on the size of the operations and the seriousness of the problems
they were causing. This was approved by the Stream Pollution Control Board
and passed as a legislative statute regulating intensive animal feedlots.
The control procedure specifically designated that no liquid and solid
discharges from animal feedlots would be allowed. This holds true also
during peak storm runoff periods. All permits for confined animal feedlots
nmst be approved by the Stream Pollution Control Board, and the Board
lists various characteristics subject to approval:





















as roofing, watering systens, manure stock piling areas, and liquid disposal
svs
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Guidelines for handling concentrated feeding operations, which
conform with the State statutes, were formulated by Purdue University and
widely circulated to the farmers in the State. On the local level the
farmers were assisted in applying these guidelines by the Agricultural
Stabilization and Conservation Service REAP Program, which helped
develop operational plans for concentrated animal areas. A specific
requirement in the statute was that all wastes must be land applied. No
allowance is made for discharges to surface waters during high flow periods.
Because of this requirement, the wastes must be lagooned for substantial
periods of time in order to derive a regulated flow to land application
areas. Regulating flows prevents the land from clogging, as well as
preventing strains on the soil's capacity to hold nitrogen.
When approving permits, the Indiana Stream Pollution Control
Board takes particular interest in the type of lagooning to be constructed
and in the land area waste application system. Its main concern is that
sufficient lagooning capacity is made available for storage of wastes
during periods when land application is not feasible, such as in winter
months. It does not, however, require a soil analysis, except where the
soils are a critical aspect in the feasibility of the system. Although
slope requirements are not specified, the Board usually takes into account
soil slope requirements where they form a significant grade.
No monitoring of soil capability to assimilate animal wastes
takes place, although it is recognized that the soil has an absorption
capacity over a period of time. Well-designed, engineered, and operated
intensive animal feedlots should limit the effects on Surface water quality.
The program's major limit is the problem of lagoon failures, which in
two cases caused extensive fish kills when poultry waste lagoon dikes
broke. In both cases, recovery of damages to wildlife was pursued and
gained by the Department of Natural Resources.
Although buffer zones to lagoons are required, they are basically
for abatement of nuisance items, such as odor near adjacent residential
land-use areas where buffer zones of 152 to 305 meters (500 to 1000 feet)
may be required.
The Indiana program is an important step since no wastes will
be leached from intensive animal feedlots but will be stored and
subsequently land disposed. Backing up this program are feedlot operation
guidelines developed by Purdue University with field assistance by the
U.S. Soil Conservation Service. Thus, the program mixes State regulations
by the Stream Pollution Control Board with the Education Extension Services
provided by the State University, with the assistance of the U.S. Soil
Conservation Service.
At the present time no other State besides Indiana seems to
have as extensive a measure of control over intensive animal feedlots
wastes. The Illinois Pollution Control Board has proposed regulations
governing the construction location and operation of feedlots and animal
waste treatment. However, they are still in the hearing stages. Other
States are relying on generalized pollution control regulations to handle
waste loads resulting from confined animal feedlots.
-38-
 In New York and Wisconsin codes of practiceor "good practice
guidelines” for the disposal of agricultural wasteshave been developed and
prepared. These are similar to the ones developed by Purdue University.
The New York guidelines deal with site selection, handling and storage of
wastes, disposal of wastes, and some specific construction criteria.
Minnesota has a set of specific pollution control regulations
which deal with livest0ck and feedlot wastes, but these were developed in
reference to solid waste control.
-39-
TABLE 18 Description of State Activity--Animal Feedlots and Animal Wastes
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TABLE 19 Evaluation of State ActivityvoAnimal Fucdlots and Animul WJhtos
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 TABLE 20 Description of Statutory Regulation—-Animal Feedlots and Animal Wastes



































   












































































Forestry activities were specifically pointed out in the Federal
Water Pollution Control Act Amendments of 1972 in Section BOA—E as an
i:portant non—point pollution source. The types of pollutants generated
in forestry activities include the following:
(1) Sedimentation. Sedimentation and erosion are affected by
roads and Skid trails used in logging operations. These trails provide
access for equipment and are used for transporting logs out of forests.
Burning contributes to sedimentation loads when it is used to clear out
forest undergrowth and remove ground level vegetation. Natural landslides
also leave soil exposed to erosion and sedimentation. Streambank erosion
can be significant especially where the banks are not reinforced or
anchored by any structural measure. Logging operations can increase the
rate of streambank erosion when the operation is near a streambank or
locates its road sites adjacent to streambanks.
(2) Nutrient Elements. The two major forms of nutrients are
nitrogen and phosphorus generated from natural debris, artificial fertilizatic
techniques, and fire retardents which use nitrogen and phosphorus. Nutrient
loads from forestland areas can be carried off by surface runoff to streams
and rivers, eventually draining into the Great Lakes. Waste excretions of
forest animals also contribute to the nutrient load.
(3) Biochemical Toxins. Pesticides form the major toxic
materials present in forestry which can degrade water quality and affect
wildlife in the area as well as possibly affecting downstream water quality.
(4) Thermal Pollution. Thermal pollution is derived from the
removal of shade areas over streambanks, either through silvicultural
activities, or from burning operations. By removing shading vegetation,
stream water temperatures can increase and adversely affect certain forms
of aquatic plants and animal life.
The management and control of forestry activities to prevent
adverse effects on water quality are presently constrained by several
factors. First of all, ownership of the land is a problem. In national
forest areas Federal laws apply to the operation of silvicultural and
other activities. All new operations must supply environmental impact
statements and meet established Federal guidelines which deal with
sedimentation, nutrient, and pesticide loads.
For State lands, State and/or Federal regulations are usually
in force.
Few regulations exist which control activities relevant to
water quality on private forest lands. Only State sedimentation and
pesticide regulations have any control over land-use activities in
private forests (3).
Silvicultural activities fall within the purview of States' plans
for sedimentation control as they are now being formulated. Specifically,
hese regulations will deal with forest road constructions, skid trails
ti other transportation activities, plus lumbering procedures involved
with such aspects as clear cutting (22—AlO). it is reasonable to expect
-42-
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that primary consideration will be given to lumbering operations where the
rate of sedimentation is normally greater than for either recreational or
undeveloped forest areas.
Most States do not have regulations concerning nutrient control.
Aerial spraying of fertilizers on reforested areas could result in significant
nutrient loads being transmitted directly to surface waters.
No State has
for:ulated actions limiting or regulating height of aerial application,
location, or other forms of nutrient control and no State regulatory statutes
exist concerning nutrients generated from forest debris and wildlife wastes,
nor are they foreseen in the immediate future. Nutrients generated from
burning activities in silvicultural operations have not received State level
attention on regulating methods of burnings or location and time of
burnings to reduce the release of nutrients into the atmosphere (26).
 
Pesticide applications on Federal and State lands are regulated
by a variety of guidelines and procedures, either under Federal statutes
concerned with Federal lands, or State lands that are financed through
Federal funds, or through State guidelines and regulations applied to State
lands. However, the application of pesticide regulations to private lands
>n is currently limited and not significant (47).
The major form of regulating the private use of pesticides is
controlling the sale of certain toxic materials to private users and regulating
the labeling of containers so that appropriate directions and possible
adverse affects from misuse of pesticides is plainly labeled and noted for
private users. Pesticides, such as aldrin, are particularly toxic to
wildlife. When aerially sprayed, it can directly affect surface water and
wildlife. Recent research has shown that sedimentation is a major carrier
of pesticide residuals into aquatic environments. Therefore, strong
enforcement of erosion and sedimentation controls may reduce the impact of
pesticide residuals on water quality. However, this would not substantially
reduce the outfall of pesticides from the atmosphere due to aerial spray
practices near surface waters.
No regulations or statutes control thermal pollution of surface
waters in forest areas. In the basin area presently such regulations would
have to deal with the alteration of shade covering near streambanks. This
is an area which has not experienced management and control up to this
point in time, but may in the future when studies treating the effects of
temperature changes in stream waters on aquatic environments are further
docu:ented.
In summary, forestry activities are viewed as not generating
significant pollution loads on surface water qualities and not noticably
affecting ground—water quality. Forestry activities probably will continue
to receive relatively low priority at the State level for management and
control procedures in reducing non-point source loading to water areas (24).
One reason for this is the lack of adequate information on forestry on
whieh to base regulations. Only recently has there been an attempt to
esti 1C8 the loadings of nutrients, sediments, and pesticides from forestry
activities. Until a determination can be made on the effect of various
land—use activities in forest areas on water quality, State management and
 
  
   
























































and control will probably be limited to certain major operations such as
lumber removal. The A—lO Report pointed out that when: "Adequate
information becomes available, it may be necessary to implement harvesting,
grazing, recreation, and prescribed burning techniques." (22-AlO).
Another reason for the lack of procedures aimed at forestry operati
is the relatively small quantity of pollutants generated on forest lands in
relationship to other land-use activities. Because of limited funds and
personnel to monitor and enforce regulations, the setting of priorities will
probably give forestry activities limited attention.
A problem in any type of control legislation will be in monitoring
and enforcing State guidelines and programs on privately owned forest areas.
Presently the majority of forest land is privately owned in scattered
locations. The ability to monitor forest operations under these conditions
is difficult unless substantial increases in manpower are generated for this
function. This is not a realistic possibility at the present time.
Conformance to land—use management practices to reduce non—point
source loadings from forests will rely on voluntary cooperation under
present conditions. This means that efforts at educational extension
activities by State universities or by other services such as the Soil Conser‘
Service and Soil Conservation Districts, or through the U-5- Forest Service ar
State forest service departments will be necessary.
Incentives to utilize land use management programs should also be
generated. These include subsidizing erosioncontrol projects on the land
or providing tax incentives to undertake operations which would reduce the
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voluntary compliance to land—use practices for the reduction of sedimentation,
there is no currently established program to foster specific land—use
management practices for individuals in their pursuit of recreational sports.
It is difficult at present to foresee widespread programs to generate voluntary
compliance to recreational behaviors which insure against adverse effects
on water quality.
One alternative method may be the banning of certain recreational
activities such as off—road vehicle use in undesignated land areas.
However,
this is difficult to enforce in many undeveloped and isolated areas without
generating undue costs in terms of manpower.
The Upper Great Lakes Regional Commission is developing model
legislation covering registration, insurance, highway operation, violation
handling, required equipment, local ordinances, structures of general




Minnesota, Michigan, and New York prohibit snowmobile operation
in areas where damages to vegetation and terrain may occur. However, the
development of nonmotorized zones to protect wildlife“and other ecological
systems, although being proposed in many areas, has not been used extensively.
New York and Minnesota restrict snowmobile use in forest preserves
to designated trails and prohibit their cross—country travel. Michigan
is currently studying environmental damage resulting from recreational
activities as well as behavior responses to regulations. Most States require
off-road recreational vehicle registration. For most of the other
recreational activities, few State—level regulations currently exist.
Most of the Basin States do not consider recreational activities
as a significant factor affecting land—use water quality relationships
when compared to other land-use activities such as residential, commercial,
and extractive operations. However, shoreline management programs may
offer potential leverage in controlling water degradation resulting from
recreational use of shorelines (2).
In Michigan local shoreline zoning is required in designated
areas. If no action is taken at the local level to zone shorelands for
protection of designated high risk erosion areas within three years of
April 1974, the State Departnent of Natural Rescurces and the Michigan
Water Resources Commission can establish their own regulations to prevent
unwise use of such properties. The main aim of the program is to reduce
the financial losses which occur in such areas from structural collapse
of buildings in erosion prone areas. However, although zoning promises to































































































































































and to prevent siltation of the Great Lakes.
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Undeveloped areas in the Great Lakes includes forests, wetlands,
uplands, streambanks, and shorelands. They account for a major land—use
category in the Basin. Forest covers 46 percent of the Basin while 9
percent of the remaining lands include wetlands and uplands (22—A12). The
management and control of undeveloped land has not incorporated controlling
pollutants generated from these lands which may affect water quality. This
is primarily due to the limited available knowledge concerning aspects of
"natural pollution." Thus, no land or water treatment controls have been
developed among the States to deal with this form of non—point source water
degradation.
The major forms of natural pollution include sedimentation, due
to either natural runoff or streambank and lakeshore erosion, biological
matter derived mainly from trees, tannic acid from decaying materials, and
suspended materials in the atmosphere which may fall out either on land or
directly into surface waters. Approximately 10 to 15 percent of the
total suspended materials in the Lakes come from undeveloped areas (22—A12)
Although there are various State regulations and controls dealing
with undeveloped areas, particularly State lands, no regulations exist to
control the effects of "natural pollution" on water quality, excluding
dredging operations which remove sediments from natural erosion and sediment
runoff of surrounding lands. Although undeveloped land generates significanw
amounts of sediments and biological matter, the States currently do not
view undeveloped areas as priority areas for implementing State regulatory
practices.
While these areas are considered to be insignificant in terms of
their non—point source loading of pollutants to the Great Lakes, this does
not mean that management strategies could not be implemented on undeveloped
lands.
It would be possible to control sedimentation from shorelines,
streambanks, and upland areas through drainage techniques and conservation
practices which are currently applied to agricultural lands
(22—A12).
Such practices would reduce erosion runoff, provide impoundment of surface
runoff waters, and allow for settling basins to filter out suspended
particles and solids before they reach surface—water areas.
Removal of
sediments and biological matter in upstream areas is possible to prevent
the drift of these materials into downstream areas.
Because there are no excessive loads generating from undeveloped
lands, the States are not likely to apply management and control practices
to these areas because the necessary funding and manpower would detract
from other programs.
Because other forms of land—use activities have been
documented as significant point and non—point sources of residuals, State
resources are being allocated to these priority areas first.
Also, the
rmjority of undeveloped lands are privately owned,
creating added difficultie




TABLE 24 Evaluation of State Activity-—Undeveloped Land
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3.7.11 Liquid Waste Disposal
Wastewater disposal on land, although an old phenomenon, has
recently received attention as an alternative method for handling municipal
sewage.
Within the Great Lakes Basin several municipalities are disposing
wastewaters on land.
lbst of these municipalities have a population of
under 10,000, and only one-—Muskegon, Michigan——has a population of more than
40,000
(22—Al3).
Except for two systems,
all handle less than a million
gallons of daily sewage.
Another source of wastewater comes from industrial
plant land applications.
These are quite numerous and include crude
processing textile and related biological material, food processing, and
canning companies.







on the land application of wastewater and its effect on the environment,






























































































































































































































































































































































































































































































































Temple University studies both revealed that among health and water pollution
-53....
  














































































































































































































































































































































































































































































































































guidelines exists for monitoring ground water at the disposal site.
Minnesota has developed design criteria. Wastewaters must be
disinfected, using chlorination and secondary treatment. Requirements
also prescribe the size of land and dosage rates of wastewater to be
applied. The regulations require a storage area able to hold a minimum of
210 days of wastewater. This means that a holding pond or lagoon system
must be constructed adjacent to the land application site. Buffer zones,
fences, warning signs, specific distances to water supply sources, homes
and parks, and underground drains and monitoring wells are also required.
New York does not have any specific standards or regulations
applying to land treatment techniques. The State operates on a case-by-
case basis, giving consideration to field topography and soil characteristics,
including infiltration and percolation rates, soil, ground—water and aquifers
characteristics, climatic conditions, and crops to be utilized. Each
project is reviewed with specific reference to water balances. The State
does not approve systems that allow runoff to surface waters. Because
this is a land treatment system, it must operate with a closed system with
no drainage to surface waters and minimal drainage to ground—water areas.
  
In this context land treatnmnt of wastewater is not used as a means to
recharge aquifers. Spray irrigation is only permitted during growing
seasons. However, no restrictions are placed on the types of wastewater
which are to be sprayed.
This means that pH can range considerably, although
it is desirable within the range of 6 to 8.5. High concentrations of
sodium are not encouraged.
Yet, control of them is questionable.
Finally,
the State is attempting to discourage the discharge of wastes which are
high in non—biodegradable substances, such as phosphorus.
For Pennsylvania the Department of Environmental Resources must
approve and issue permits for the operation of land application techniques.
No particular degree or method of wastewater treatment is specified or
prohibited under the statutes. However, the Pennsylvania Sanitation Water
Board does require that all biodegradable and non—biodegradable waste
receive secondary treatment. There is a clause that waste can be
deposited into a stream polluted by coal mine diseharges, but it must
undergo primary treatment. All other diseharges require secondary
treatment. There are no specific standards or permit systems dealing
with land disposal of wastewater. A manual of guidelines has been prepared
and includes standards for site selection, systens operation, and installation
of equipment. The maintenance of a storage area is recommended to provide
a specific dosage rate throughout the season. The ground water must be
at least ten inches below the surface. Monitoring wells are required at
all sites. The Pennsylvania guidelines do not specify the types of crops
which can be grown at these land treatment sites.
Wisconsin does not have any standards or statutes dealing with
land treatment techniques. Land applications usually come under sewage
regulations, and these regulations do include land application techniques
as part of their coverage. The State operates on a case—by—case basis,
concentrating on the designs and specification of the particular waste~
water treatment system. Evaluation of the plans include location, geology,
hydrology, soils, areas for future expansion, and adjacent land uses. Raw
sewage cannot be applied to land.
The major difficulty in formulating specific State regulatory
practices concerning land application techniques of liquid wastes is the
relative lack of knowledge about the effects of applying municipal liquid
wastes on land over a period of time (22—Al3). This includes such things
as the buildup in nutrients such as nitrogen and phosphorus over a period
of years (50).
Indusrrial wastes.are usually not considered a significant
problem because the wastes are usually sanitized before disposal. This
is not true of municipal wastes which contain potential public health hazards
if improperly disposed. Since land application techniques depend heavily
on soil characteristics for providing filtration and cleansing actions,
guidelines and regulations rust tame into account the disparity in soil
properties from one place to another within a State. Thus, instead of
utilizing guidelines and practices, States tend to be specifying which













































generating lindted amounts of effluent wastes.
























areas, conflicting land uses, and the amounts of waste.
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may be required in every State, depending on a case—by—case determination,
although complete entrapment of leachates and other materials is an exception












































































































































































































































































































































































































































 procedures be disposed of at landfill sites. Almost all the States have
regulations prohibiting the disposal municipal waste treatment sludge
unless they have a certain percentage of solids content, usually around 70
percent. Almost all the States do not directly monitor landfill sites
except in initial permit seeking stages. If problems arise, however,
periodic checks are made. Most monitoring procedures are assigned to
landfill operators or to local authorities. However, adequate monitoring
is difficult because of lack of qualified manpower with knowledge about
proper disposal operations.
Almost all the States require that sanitary landfill sites be
covered daily except for rural areas in Wisconsin and New York where daily
coverage operations may be waived. All the States require licensing of
landfills, while some require licensing of the operators as well.
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 TABLE 27 Description of State Activity-—Solid Haste Disposal
ill. ind. Mich. Minn. N.Y. Ohio Pa. His.
controls the runoff from
land disposal sites
regulates their location
in terms of water quality 0 o o o o o o
impact
establishes a list of stand-
ards and regulations to







applies State programs to
private land disposal o o o o o I o 0
sites
limits toxic contents of
land disposed residuals




protects surface waters from
land disposal site drainage
          
0 current activity
TABLE 28 Evaluation of State Activity--Solid Waste Disposal
* *







































Description of Statutory Regulation——Solid Waste Disposal
  
 
111. Ind. Mich. Minn. N.Y. Ohio Pa. Wis.
Are open dumps
prohibited? . . . . . °
Are landfills/












topsoil? o o o o o o
to prohibit certain
wastes? o o o o o
to prevent surface
runoff? o
Is there monitoring of
ground/surface water
impacts
by the State? 0 o o o o o
by landfill operators? 0 o o a o o
   
 




 3.7.13 Deepwell Disposal
Ohio passed a law regulating industrial waste disposal wells in
1967. In 1969, Michigan passed its controlling regulations. While the
remaining six States do not have specific deepwell disposal legislation,
New York (1969), Indiana (1969), and Illinois (1970) have passed policy
statements. Most of the Basin States have a variety of regulatory procedures 1
which control waste disposal in wells, although most regulations were not
formulated expressly for this purpose. For instance, Indiana regulates
deepwell disposal operations through Section 10 of Chapter 214, Acts of 1943
of the General Assembly (23).
 
All plans and specifications for abatement or correction ‘
of any polluted condition shall be approved by the Stream Pollution
Control Board. The Stream Pollution Control Board shall advise
and consult on request with any persons planning any correction
or prevention of any pollution condition of any waters of this
State .
A case-by—case method of regulating deepwell disposal operations a
is common in the eight Basin-States. The points considered in deciding *
issuance of permits can include: ﬁ
(1) the nature and amounts of waste fluids—-estimated average
and maximum volumes of fluids to be injected
(2) injection pressures
(3) composition of wastes, including pretreatment characteristics,
flow design, and treated fluid composition
(4) the compatibility of wastes to the receiving formation
(5) possible reactiOns of the wastes with materials either in
the constructed well or in the receiving formation
(6) geological aspects, including topography and subSurface
geology of the injection area, possible vertical and horizontal barriers
to waste flows, and the hydrology in the formation
(7) engineering specifications, including construction of the
well, materials used in the casing, safety procedures, and testing
procedures concerning the capacity of the well to operate within given
engineering specifications
(8) monitoring programs, including procedures to protect
underground aquifers and ground waters from injective wastes
To date regulatory efforts have been directed towards inSuring
proper geological formations for storage to prevent the seepage of wastes
into surrounding subsurface stratum. The use of monitoring techniques,
however, is increasing as pressure gauges are being installed within the
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